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Figure legend 
 
Figure 1: Microscopic image of a stratum corneum sample obtained by the Cyanoacrylate 
Skin Stripping Method. 
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Introduction 
Touch is an irreplaceable contributor to communication. Interpersonal touch plays an 
important role in forming and maintaining interpersonal relationships and is one of the first 
interactions between parents and their child. In recent years, a class of unmyelinated nerve 
fibers in human hairy skin was identified to mediate affective touch perception in humans 
(Löken, et al., 2009). Over the course of the last decades, several research groups have 
emerged from the social and affective neurosciences to focus on these so-called C-tactile 
(CT) afferents and explore their peripheral and central properties and functioning. Numerous 
studies in this specialized field of research have shown that CT afferents are optimally 
stimulated by human-to-human slow stroking touch. CT-mediated affective touch projects to 
brain areas involved with social perception and emotional processing (Gordon et al., 2013) 
and first evidence point towards altered processing of affective touch in individuals with 
autistic traits (Voos et al., 2013). 
This thesis frames three publications in which different aspects of touch perception mediated 
by C-tactile afferents are explored. The articles review the results of two internationally 
cooperating studies conducted in Dresden (Germany) as well as Linköping (Sweden). Both 
study designs describe psychophysical investigations on samples of young and healthy 
individuals. In the first paper, a specific hedonic response pattern to stimulation of C-tactile 
afferents was replicated. We further determined different hedonic characteristics of C-tactile 
afferents and investigated behavioral consequences of high C-tactile afferent sensitivity. 
Proceeding from different manifestations of C-tactile afferent sensitivity and their influence 
on relationship-directed behavior, paper 2 reviews the individual stability of C-tactile 
sensitivity and establishes a measurement for probing affective touch perception. With low-
threshold mechanoreceptors being arranged around hair follicles in rodent skin (Li et al., 
2011), a relation between hair follicle density in humans and C-tactile mediated affective 
touch perception was investigated in paper 3. This article further describes gender-specific 
patterns of hedonic evaluation of affective touch.  
 
INTRODUCTION TO THE SOMATOSENSORY SYSTEM: DISCRIMINATIVE AND AFFECTIVE TOUCH  
The human sense of touch involves a vast number of different qualities and functions: From 
recognizing structures and shapes to pain perception and sense of position, a variety of 
nerve fibers and projection pathways to the brain are participating in the diverse spread of 
these sensations. Besides the “classic” sub-modalities of the cutaneous senses (touch, 
temperature, pain, itch), anatomical, psychophysical, electrophysiological and neuroimaging 
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studies have contributed increasingly to the assumption of a 5th sub-modality, namely 
pleasure (McGlone and Reilly, 2010). 
The perception of touch on the skin is mediated mainly by two main types of afferent nerve 
fibers: Aβ-fibers and C-tactile (CT) afferents. Aβ-fibers are thickly myelinated nerve fibers 
with a high conduction velocity (ca. 20 – 80 m/s), as the grade of myelination determines the 
conduction speed of nerve impulses through the axon (McGlone and Reilly, 2010). 
Generally, these nerve fibers process exteroceptive signals and discriminative properties of 
touch, such as object identification, and are universally present in human skin. CT afferents 
on the other hand, are thinly myelinated nerve fibers with a significantly lower conduction 
velocity in the range of about 1 m/s, which moderate affective aspects of touch and process 
interoceptive signals (Björnsdotter et al., 2010). Interestingly, CT afferents are exclusively 
present in hairy skin (McGlone et al., 2014).  
In their review, professors McGlone, Wessberg and Olausson (McGlone et al., 2014) 
propose a dual model to describe the relation of these opposing nerve fibers and their 
contribution to the perception of touch. This model is consistent with the duality of pain 
perception with both a sensory (discriminative) and affective (motivational) aspect, the 
former conducted by myelinated Aδ-fibers and the latter by unmyelinated C-nociceptors 
(McGlone et al., 2014). Transposing this concept to the sense of touch, “first touch” would 
be mediated by myelinated Aβ-nerve fibers with a fast conduction velocity. These fibers 
recognize objects in contact with the body surface in order to assess a potentially hazardous 
stimulus. The “second touch” system, stimulated by a low force dynamic stimulation of the 
skin, might be subserved by the slowly conducting CT afferents and carries an emotional 
and motivational aspect. 
 
C-TACTILE AFFERENTS – PERIPHERAL CHARACTERISTICS OF AFFECTIVE TOUCH 
An equivalent of CT afferents, C low-threshold mechanoreceptors (C-LTMRs), were first 
identified in the hairy skin of cats in the 1930s (Zotterman, 1939) as well as in the hairy skin 
of several mammals subsequently (Bessou et al., 1971; Iggo and Kornhuber, 1977). 
However, these early observations did not enable the complete comprehension of the 
functional role of these nerve fibers. First hypotheses aimed at mediation in the perception 
of ticklish sensations (Zotterman, 1939), a notion that was contradicted by collaborative work 
of the striking novel field of affective touch research in recent years. 
With the development of microneurography as an investigative procedure (Vallbo and 
Johansson, 1978), knowledge on the properties and occurrence of C-LTMRs was increased 
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rapidly. Microneurography is an electrophysiological technique, which allows the deduction 
of electrical signals directly from single nerve fibers by inserting a thin electrode through the 
skin into the underlying peripheral nerve. Applying this method, C-tactile afferents were first 
discovered in the infra- and supraorbital nerve in the face of humans (Johansson et al., 1988; 
Nordin, 1990). Based on these findings, microneurography experiments were expanded to 
further body sites and CT afferents were encountered in the arm and leg of human subjects, 
which suggests a general distribution of these nerve fibers across the skin surface (Vallbo 
et al., 1999; Vallbo and Wessberg, 1993; Wessberg et al., 2003). Interestingly, in the course 
of these microneurography experiments CT afferents seem to be met as often as Aβ fibers 
(Vallbo et al., 1999).  
Apart from shedding light on the presence and distribution of CT afferents in mammals and 
humans, microneurography allows researchers to record the neural activity of single axons, 
which demands an extraordinary amount of patience and tranquility. This enabled the 
characterization of tactile stimuli optimally activating CT afferents: It has thus been found, 
that CT afferents were most effectively stimulated by stroking applied with a low pressure of 
0.3 to 2.5 mN (Vallbo et al., 1999; Vallbo and Wessberg, 1993), a temperature of 
approximately 32°C (Ackerley et al., 2014) and a slow stroking velocity (Vallbo et al., 1999). 
In fact, when the neural responses of CT afferents to tactile stimuli with different stroking 
velocities (from 0.3 cm/s to 30 cm/s) were recorded, a positive correlation between the 
perceived pleasantness and the action potential firing rates of the nerve fibers was detected, 
with both firing frequency and pleasantness ratings being at their highest at stroking 
velocities between 1 and 10 cm/s (Löken et al., 2009; compare figure 1). These properties 
suggest the function of CT afferents in the perception of pleasant, caressing touch.  
The positive hedonic value of CT-targeted touch is apparent in further findings in individuals 
with neuronopathy, i.e. a complete lack of largely myelinated Aβ-fibers. In these humans, 
unmyelinated nerve fibers are still present and, when stroked CT-optimally with a light force 
and slow velocity on the forearm, the subjects reported perceiving a “sensation of light touch, 
barely detectable and difficult to capture consciously” without noticing any sensations of 
pain, tickle or itch (Olausson et al., 2008). These individuals further stated that the light and 
slow brush on the forearm was a slightly or moderately pleasant sensation. Interestingly, 
spatial localization of these stimuli was very poor, which aligns with previous assumptions 
of CT afferents to serve an opposing function to the discriminative Aβ-fibers (Ackerley et al., 
2016).  
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SPINAL AND CORTICAL PROCESSING OF C-TACTILE STIMULATION 
With characteristics of their occurrence and stimulation having been described in detail in 
the course of previous experiments, the spinal processing pathways of CT afferent 
stimulation in humans have yet to be unveiled more thoroughly. First evidence for spinal 
projections of human CT afferents thus far referred to documentations and experiences of 
patients after surgical sectioning of the anterolateral spinothalamic tract as a treatment for 
chronic pain (Foerster and Breslau, 1932; Lahuerta et al., 1994). According to Foerster, the 
disruption of the spinothalamic tract not only led to a significant decrease in the perception 
of pain and temperature (the former being the wished-for effect of the treatment), but also to 
a lessening of feelings of pleasure as well as displeasure. Lahuerta and colleagues observed 
a cohort of patients who underwent anterolateral cordotomy as well and reported that they 
did not experience cutaneous erotic sensations when stimulated by CT-optimal stimuli. 
These findings attest for a similar spinal topography of CT afferents and C-nociceptors in 
the anterolateral spinothalamic tract. 
Turning our attention to the supraspinal processing of CT afferent stimulation, numerous 
research approaches have shed more light on these mechanisms in humans: Slow brush 
stroking in healthy subjects activated both contralateral somatosensory projection areas (S1 
and S2) and the insular cortex, more specifically, the posterior part of the contralateral 
insular cortex (Olausson et al., 2002). The insular cortex is considered a gateway to the 
emotional systems of the frontal lobe (Augustine, 1996; Craig and Craig, 2009), which 
opposes the function of the somatosensory cortices S1 and S2 receiving discriminative 
information of touch mediated by Aβ-fibers. Other results confirm the key role of the posterior 
insular cortex in the perception of affective touch (May et al., 2014; Morrison, 2016). 
Interestingly, a broader network of brain areas involved in the perception of CT-targeted 
touch was identified recently (Gordon et al., 2013) and describes the contribution of the 
posterior superior temporal sulcus as well as the medial prefrontal cortex (mPFC)/dorso 
anterior cingulate cortex (dACC), brain regions connected to social perception and social 
cognition. These brain areas form part of the so-called “social brain” and are specialized to 
support social functioning (Gordon et al., 2013). An involvement of the posterior superior 
temporal sulcus and the prefrontal cortex in the perception of affective touch has been 
replicated in several approaches (Voos et al., 2013; Kaiser et al., 2016; Davidovic et al., 
2016). These findings point towards the influenceability of affective touch perception by top-
down mechanisms and higher level contextual processing. Light touch delivered unwantedly 
by a person that evokes feelings of aversion for example, can give rise to a strong sense of 
disgust. Positive expectations on the other hand, as imitated by use of a placebo nasal spray 
in a recent experiment (Ellingsen et al., 2014), can enhance the perceived pleasantness of 
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CT mediated affective touch. This placebo-induced increase of pleasantness perception 
involved an upregulation of activity in the posterior insula, as well as S1 and S2, which 
suggests that sensory processing can be regulated by our expectations. The context-
dependent hedonic appraisal of touch was further presented in another experiment (Croy et 
al., 2014), where CT-targeted touch was applied simultaneously with an unpleasant or 
pleasant odor, respectively. The positive hedonic value of CT-targeted touch was 
significantly impaired by the presence of the unpleasant odor and the level of disgust 
sensitivity was discussed as a moderating variable in this work. 
When CT-optimal tactile stimulation was repeatedly delivered over a longer period of time, 
namely 40 minutes in a recent study, a decrease in the activation of the somatosensory 
areas S1 and S2 was described (Sailer et al., 2016). Interestingly, activation of the posterior 
insula did not decrease in the course of the experiment. The temporal dynamics of slow 
stroking touch further showed an increased activation of brain areas involved in reward 
processing, such as the putamen and the orbito-frontal cortex. 
 
THE “SOCIAL TOUCH HYPOTHESIS” 
As the previous explanations have outlined, there is an apparent overlap between the 
properties of stimuli effectively activating CT afferents and the characteristics of intuitive and 
caressing human-to-human touch, which might be socially relevant (Morrison et al., 2010). 
An experiment performed in the 1950s proved the importance of touch and social interaction 
on growth and thriving of rhesus monkey infants (Harlow, 1958). The infants were separated 
from their mother shortly after birth and were provided with two lifeless mother surrogates – 
one of them made out of wire, the other one of wood covered with a soft cloth. In his 
observations, Harlow describes that the monkey infants preferably clinged to the surrogate 
mother covered by the soft cloth, regardless of whether it provided food or not. When left 
without a mother or mother-surrogate, the infant monkeys became stressed and ill-
nourished. Harlow labelled this “contact comfort” and proposed the significance of tactile 
interaction in the upbringing of children and touch as a central element in parent-child-
relationships. His experiment, although considered controversial by now, gave way for the 
attachment-theory and social science as such.  
Caressing, affective touch represents one of the earliest forms of interactions between 
caregivers and their child and thus plays a key role in forming and maintaining this one 
particular as well as numerous following relationships throughout life. In fact, caregiving 
touch contributes crucially to the cognitive development and understanding of social bonds 
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in infants (Feldman et al., 2010; Field, 2010). Recently, physiological and behavioral 
responses to CT-targeted touch delivered to children were measured in an experiment 
(Fairhurst et al., 2014) and showed the sensitivity of 9-month-old infants to this kind of touch: 
The children reacted to slow skin stroking with a decrease of heart rate, whereas fast skin 
stroking (representing non-CT-targeted touch) increased the heart rate of the infants. 
In a recent study, the central processing of CT-targeted touch was investigated in children 
with Autism-Spectrum Disorder (ASD) and revealed reduced activity in response to affective 
touch in a network of brain areas involved in social-emotional information processing (Kaiser 
et al., 2016). The impaired hedonic value of affective touch in individuals with higher levels 
of autistic traits was recently confirmed in another approach (Croy et al., 2016). 
Against the background of these numerous findings pointing towards the importance of 
affective touch in interpersonal relationships, the “social touch hypothesis” was formed 
(Olausson et al., 2010). It includes ideas on the function of CT afferents as conductors of 
nurturing and grooming touch in interpersonal interaction. This affective touch consolidates 
and reinforces emotional bonding as well as social well-being and defines these 
unmyelinated nerve fibers as part of a specialized affective nervous system.  
 
C-TACTILE MEDIATED EROTIC TOUCH PERCEPTION  
Apart from the verified contribution of CT afferents in the perception of caressing and 
pleasant touch, assumptions of their involvement in processes of the perception of sexually 
stimulating or arousing touch as the most intimate form of interpersonal tactile interaction 
were not a long time coming. 
Unexpectedly, a classic neuroscience textbook (Hudspeth et al., 2013; Kandel et al., 2000) 
suggested the conduction of erotic touch through CT afferents and their processing 
pathways. Indeed, a mismatch between the representation of general somatosensory areas 
in the S1 (graphically represented in the so-called homunculus by Wilder Penfield (Penfield 
and Rasmussen, 1950)) and erogenous zones in their stimulating intensity was described 
in subsequent work (Turnbull et al., 2014). The same authors further suggested the 
mediation of CT afferents in erotic touch perception and assumed a projection pathway to 
the insular cortex for erogenous stimuli as an explanation for this mismatch. However, 
another study using genetic labelling of cutaneous nerve fibers found CT afferents solely 
represented in hairy skin, no such fibers were detected in the genital area (Liu et al., 2007).  
Interestingly, the amount of tactile physical affection in a relationship was positively related 
to relationship satisfaction and attachment bonds in previously published work (Gulledge et 
 8 
 
al., 2003). As interpersonal touch is often used in interpersonal relationships to convey 
feelings of affection and emotional closeness, touch is likewise conceivable to play a key 
role in sexual interaction.  
Results of a psychophysical investigation confirmed the assumption of CT afferents 
contributing to the complex concept of erotic touch perception (Jönsson et al., 2015). Here, 
tactile stimuli aimed at optimal stimulation of CT afferents (i.e. soft brushing between 1 – 10 
cm/s) were perceived not only as the most pleasant, but also the most erotic stimuli. While 
the tactile experiment was conducted on both the forearm and the thigh of the participants, 
strikingly, no difference in eroticism ratings according to body site was reported. 
 
Paper 1: C-Tactile Mediated Erotic Touch Perception Relates to Sexual Desire and 
Performance in a Gender-Specific Way 
In paper 1, we describe a follow-up approach to confirm the contribution of C-tactile afferents 
to erotic touch perception and explore their contribution in more detail. In a psychophysical 
investigation comparable to the one applied by Jönsson et al., we thus examined potential 
consequences of C-tactile sensitivity in sexual behavior and desire. We hypothesized, that 
a higher perceptibility of CT-targeted affective touch would be positively related to sexual 
desire and performance. 
The study design combines a standardized physiological method with behavioral data in a 
sample of young and healthy individuals: The psychophysical experiment involved a 
standardized tactile stimulation of the forearm using the Rotary Tactile Stimulator (RTS, 
Essick et al., 2010) – a robotic device that allows highly controlled application of stroking 
touch at different velocities. Both CT optimal (1, 3 and 10 cm/s) as well as CT suboptimal 
(0.1, 0.3 and 30 cm/s) stroking velocities were included in the design. Participants rated the 
perceived pleasantness, eroticism and intensity of the applied tactile stimulation on visual 
analogue scales (VAS). To measure discriminative touch perception, the two-point 
discrimination threshold was examined. Sexual desire and performance were assessed as 
self-report data applying different questionnaires. As a measure for C-tactile sensitivity, the 
erotic touch differentiation was computed as the difference of ratings of perceived eroticism 
between CT-optimal (1 cm/s) and CT-suboptimal (30 cm/s) stimuli. This measure thus 
represents the appreciation of C-tactile targeted affective touch.  
Ratings of perceived pleasantness and eroticism aligned with previous knowledge of C-
tactile activity: CT-targeted slow stroking touch was perceived as most pleasant as well as 
erotic. These results support the notion that CT afferents contribute to erotic touch 
perception. Interestingly, erotic touch perception was related to sexual desire and sexual 
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performance in a gender-specific way: In women, erotic touch differentiation correlated 
positively with the dyadic factor of the Sexual Desire Inventory (SDI) – a measure 
representative for the desire to sexually interact with a partner. In men, erotic touch 
differentiation was related to self-report of a reduced frequency and longer duration of 
partnered sexual activities. Overall, women rated pleasantness and eroticism of the touch 
stimuli significantly higher than men.  
At this, evidence for a contribution of CT afferents in erotic touch perception is confirmed in 
paper 1, while further results suggest a gender-specific relation between CT-mediated touch 
perception and the sexual response. 
 
INDIVIDUAL LEVELS OF C-TACTILE SENSITIVITY 
Giving and receiving touch are highly context-dependent and touch perception might be 
modulated by several influencing factors. In a study on a heterogeneously aged sample of 
13- to 82-year-olds for example, perceived pleasantness of affective touch increased with 
advanced age (Sehlstedt et al., 2016).  
While the peripheral characteristics and central processing of CT afferents have been 
subject to numerous research approaches, the same studies describe a certain spread of 
the individual level of sensitivity to CT-targeted touch. The mechanisms behind these 
individual differences of CT-targeted touch perception still remain unclear. It could not yet 
be explained, whether these differences result from a varying peripheral set of CT afferents, 
e.g. higher density or superior functioning of nerve fibers, or whether these differences might 
be driven by distinct central processing, or even a combination of the two. 
A quantification of C-tactile sensitivity seems necessary in order to take the field of affective 
touch research one step further and describe individual differences in affective touch 
perception and their behavioral consequences in more detail. 
In the presented articles, different attempts to define the individual level of C-tactile 
sensitivity are described. In papers 1 and 3, erotic touch differentiation and pleasant touch 
awareness are computed as measures to examine the preference of CT-optimal over CT-
suboptimal stimuli. These measures solely take the hedonic ratings of the touch stimuli into 
account. Another approach to estimate the individual C-tactile sensitivity, might be the 
individually preferred velocity of CT-targeted stroking touch, as established in paper 2.  
While all of these approaches make towards the quantification of CT-targeted affective touch 
perception, they only take into account the CT-specific characteristics of pleasant touch. A 
very recent publication emphasizes, that standardized, CT-directed slow stroking touch 
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might not necessarily be ecologically valid (Trotter et al., 2018). Positive or pleasant touch 
in everyday-life is performed with many variations of pressure, stroking speed and 
presentation time. At this, the Touch Experiences and Attitudes Questionnaire (Trotter et al., 
2018) might be another valuable tool in defining the individual level of appreciation of positive 
touch: This questionnaire takes into account different aspects of touch experience and 
appreciation and may be used to grade these factors on an individual level, at least in 
samples of predominantly caucasian participants.  
 
Paper 2: The individual preferred velocity of stroking touch as a stable measurement 
In 2 separate psychophysical studies, the stability of affective touch perception and a Test 
of Preferred Velocity (ToP-V) of CT-targeted touch were examined and reported in paper 2.  
In study 1, which was conducted in Gothenburg (Sweden), the ToP-V was performed on a 
sample of young and healthy participants using the RTS on the forearm at different 
velocities. The test consists of a forced choice task with three different steps, where 
participants were each asked to choose their preferred stimulus out of a pair of different CT-
optimal stroking stimuli. The study included a re-test after about 12 days. Study 2 was 
conducted in Linköping (Sweden), where participants underwent a shorter version of the 
ToP-V, which was applied on both the forearm and the palm of the participants, using a 
similar set-up as in study 1. On both body sites, the pleasantness and intensity of stroking 
stimuli at different velocities were further determined on VAS. The study design was 
approved by the ethics committee of Linköping University (2015/306-31). 
The ToP-V is suggested as a reliable procedure for testing the individually preferred velocity 
of stroking touch. The test showed a high retest-reliability and could be validated with a 
psychophysical rating experiment. The number of preferred high velocities in step 1 of the 
ToP-V proved to be a reliable short version of the test providing a good retest-reliability as 
well. In study 2, results of the short ToP-V related to pleasantness ratings obtained on the 
forearm of the participants, but not to perceived pleasantness on the palm. The number of 
preferred high velocities was significantly lower when tested on the palm compared to the 
forearm. This indicates, that pleasant touch perception is a versatile construct with more 
than a single class of specialized nerve fibers involved. Even though C-tactile afferents are 
broadly thought to be absent in glabrous skin, top-down-processes as well as the 
contribution of different afferents might shape the perception of pleasant touch on the palm. 
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HAIR FOLLICLE DENSITY AND NERVE FIBER DISTRIBUTION  
As stated previously, there are different approaches to quantify the individual level of C-
tactile sensitivity. The question remains: Do people vary in their amount of CT afferents per 
cm² and thus indeed perceive the same tactile stimuli differently?  
Several studies investigated the anatomical distribution and functional organization of C-
LTMRs in rodents using genetic labelling. Li et al. (2011) marked the C-LTMRs with tyrosine 
hydroxylase in mice and found the nerve fibers exclusively in hairy skin where they were 
arranged around zigzag and awl/auchene hair follicles (Li et al., 2011). Another approach, 
which used the specific marker TAFA4+, confirmed and extended these findings by reports 
of a proximal to distal decrease in C-LTMR density (Delfini et al., 2013). Hair follicles might 
serve as kind of neurophysiological beacons through eliciting certain trophic factors that 
serve as guides for nerve fibers in their growth and regeneration (Gagnon et al., 2011). 
These notions make a potential relationship between the density of hair follicles and specific 
nerve fibers conceivable. Interestingly, an electrophysiological investigation in rats reported 
findings of C-LTMRs in glabrous skin very recently (Djouhri, 2016). 
If the findings by Li et al. are transferrable to the neurophysiology of humans, a higher hair 
follicle density might represent a higher density of C-tactile afferents. A substantial difficulty 
for testing this hypothesis is a lack of non-invasive methodology for skin-sampling and/or 
genetic labelling in humans. 
The distribution and characteristics of hair follicles in humans have thus far been 
investigated by Otberg et al. (Otberg et al., 2004). In this study, the Cyanoacrylate Skin 
Stripping Method (CSSM) was used in order to determine the density of hair follicles per cm² 
on different body sites, namely the forehead, back, thorax, upper arm, forearm, thigh and 
calf. While hair follicle density was highest on the forehead, the hair follicles varied 
significantly in size and distribution across the different body sites. Hereby, the CSSM served 
as a non-invasive method that enables sampling of the stratum corneum, which can further 
be evaluated light-microscopically to determine the amount of hair follicles per cm² (compare 
figure 1).  
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Paper 3: The relation between human hair follicle density and touch perception 
Paper 3 examined the relation between hair follicle density in the human forearm skin and 
levels of C-tactile sensitivity in a sample of young and healthy human individuals. As C-low 
threshold mechanoreceptors are typically arranged around certain hair follicles in rodent skin 
(Li et al., 2011), we hypothesized that a higher hair follicle density in humans might result in 
higher levels of C-tactile sensitivity.  
The paper describes two similar studies conducted in Gothenburg (Sweden) and Dresden 
(Germany). The data presented in paper 1 and 3 (“study 2”) originates from the same study 
design, which was approved by the ethics committee of the Medical Faculty at Dresden 
University of Technology (EK 5402/2015). 
In a psychophysical study design involving the RTS, ratings of affective touch perception 
were acquired from 138 participants (85 female, age 18 to 51 years) in total. In this 
experiment, both CT-optimal (1, 3, 10 cm/s) as well as CT-non-optimal (0.1, 0.3, 30 cm/s) 
stroking stimuli were applied on the forearm of the participants and rated on VAS concerning 
perceived pleasantness and intensity. Additionally, in both studies a skin sample of the 
uppermost layer of the stratum corneum of the same forearm was obtained using the CSSM, 
which was validated in a pretest on different body sites. Hair follicle density was determined 
light-microscopically.  
In the pretest, the previously reported typical spread of hair follicle densities across the 
different body sites by Otberg et al. could be replicated (Otberg et al., 2004). At this, the 
Figure 1  Sample of the uppermost layer of the stratum corneum examined light-microscopically. 
The arrow marks a hair follicle opening with a hair sticking out. 
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forearm was confirmed as a representative body site for determining the hair follicle density 
and the CSSM was validated. 
Across the combined sample of both studies, ratings of affective touch showed a gender-
specific difference with women rating affective touch stimuli as more pleasant than men. 
Female participants also presented higher hair follicle density than male participants. 
However, pleasant touch perception was independent from the absence of hair on the 
forearm and no valid coherence between CT-mediated touch pleasantness and hair follicle 
density was detected. The assumption that hair follicle density of the forearm might be 
related to levels of C-tactile sensitivity thus received only weak support.  
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Discussion  
C-TACTILE AFFERENTS AND EROTIC TOUCH PERCEPTION 
C-tactile afferents were previously assumed to contribute to non-genital erotic touch 
perception in humans (Jönsson et al., 2015). In paper 1, the study by Jönsson et al. was 
replicated and extended in a comparable sample of young and healthy individuals: Ratings 
of perceived pleasantness and eroticism followed an inverted U-shaped course across 
different stroking velocities. C-tactile optimal stroking at velocities between 1 and 10 cm/s 
was perceived as more pleasant and erotic than slower or faster C-tactile non-optimal 
stroking in our experiment. These results validate previous perceptions on the hedonic value 
of C-tactile mediated affective touch. 
Erotic touch differentiation was introduced as a measure for sensitivity of C-tactile mediated 
erotic touch perception. In the presented study, women with higher erotic touch 
differentiation reported more desire to sexually interact with a partner (SDI, dyadic factor). 
Male participants who presented higher erotic touch differentiation reported less frequent, 
but on average longer sexual interactions with their partner. All of these men were in a 
relationship at the time of their participation.  
These results suggest, that affective touch might serve a different function in the sexual 
response of men and women. Female individuals might interpret slowly stroking touch as an 
incentive for sexual interactions while men with a higher C-tactile afferent sensitivity might 
adapt their sexual behavior towards their partner. At this, the results illustrate previously 
discussed gender differences in the concepts of sexual arousal and sexual desire (Bancroft 
and Graham, 2011). Whereas male individuals are able to clearly distinguish between sexual 
arousal and desire, the concepts are more interchangeable in women. Men experience 
sexual arousal as a physical reaction and sexual desire as the motivation to engage in a 
sexual activity. For women, sexual desire rather often describes a desire to experience 
emotional and physical intimacy with a partner (Basson, 2000). This might explain why erotic 
touch differentiation was related to dyadic sexual desire but not solitary sexual desire in 
female participants in our study.  
Interestingly, C-tactile mediated erotic touch perception was found to be independent from 
personality traits and disgust sensitivity in the presented study. While affective touch has 
been shown to be dependent from context and environmental influences (Croy et al., 2014), 
the peripheral characteristics of affective stimuli and CT afferents are equally crucial to 
perceive and differentiate affective touch. However, the presented study focused on healthy 
participants with an allegedly unimpaired and complete “set” of peripheral nerve fibers. It is 
not ultimately conclusive whether the investigated individuals differ in their sensitivity for C-
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tactile mediated erotic touch perception because of varying peripheral characteristics within 
the “healthy spectrum”, such as density of CT afferents in the forearm skin, or whether the 
differences derive from top-down-modulation – shaping the perception concerning the 
experiences with and attitudes towards touch. Approaches to describe and quantify these 
individual differences are thoroughly being discussed in papers 2 and 3. 
Giving and receiving touch is an important tool of communication in close interpersonal 
relationships. In those intimate dyads, tactile cues might serve as incentives for the initiation 
of sexual interaction as an intense form of physical contact. Individuals with a higher C-
tactile afferent sensitivity might have a greater ability to differentiate and evaluate tactile 
stimuli. As the perception of affective touch marks a complex construct with multiple nerve 
fibers involved, the contribution of CT afferents might likely be shaping the hedonic 
evaluation of touch by projecting to the insular cortex. At this, the presented results confirm 
and extend previous insights into another specific function of CT afferents. However, the 
results derive from a rather explorative study design and future research approaches might 
be able to give details of the relationship between CT-mediated touch perception and 
interpersonal behavior.  
An application of these novel insights into CT-mediated affective touch perception in a 
clinical context is thus conceivable. To name one of the implications, the gained knowledge 
could be incorporated in specific tactile trainings as a treatment for sexual dysfunctions and 
disorders, both on an individual level and in couples’ therapy. Interestingly, non-genital erotic 
touch was included as “sensate focus” in therapeutic attempts in Sexual Medicine by 
Masters & Johnson – commonly known as the pioneers of Sexual Medicine and Sexual 
Therapy – long before the existence of C-tactile afferents in humans was confirmed in 
research.  
 
GENDER DIFFERENCES OF AFFECTIVE TOUCH PERCEPTION 
Gender differences in the perception of affective touch are both presented in paper 1 and 3. 
In paper 1, tactile stimulation on the forearm was rated as more erotic by women compared 
to men. In paper 3, women systematically perceived tactile stimuli as more pleasant and 
more intense than men. The female participants further presented a lower two-point 
discrimination threshold than male participants in this study.  
These gender differences in the hedonic evaluation of touch stimuli are not novel to the field 
of affective touch research: Differences in ratings of perceived pleasantness in favor of 
female participants have been previously reported (Essick et al., 1999; Croy et al., 2014). 
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Furthermore, it is known and has been shown in previous work that females are touching 
and being touched more often than men (Stier and Hall, 1984). However, both context and 
gender of the partner of a tactile interaction are considered to play an important role in 
observed touching behavior. Recent work by Suvilehto et al. reviewed the relationship-
specific touching behavior of humans and pointed out, that touch delivered by a female 
person was rated as more pleasant (Suvilehto et al., 2015). In the same study, female 
participants also reported a higher Touchability Index, which indicates the body surface 
individuals allow to be touched at without discomfort.  
Differences in affective touch perception concerning gender might be explained by higher 
peripheral nerve density in women or top-down processing when rating the hedonic value of 
tactile stimuli. It is conceivable that female participants present different hedonic rating 
tendencies than men or interpret the anchor points of the visual analogue scales differently, 
which shapes their evaluation of the same tactile stimuli. Historically being perceived as the 
primary caregiver in child-bearing, women might also be reviewed or review themselves to 
have a more approachable role in tactile interaction. Intuitively, they might have a closer 
connection to touch as a tool for communicating affection and attachment.  
 
STABILITY AND QUANTIFICATION OF AFFECTIVE TOUCH PERCEPTION: INDIVIDUAL PATTERNS OF 
AFFECTIVE TOUCH AND HAIR FOLLICLE DENSITY 
The experience of C-tactile mediated affective touch perception seems to be shaped 
individually. Still, it remains unclear whether individual differences in the perception of CT-
targeted touch derive from varying sets of peripheral neurophysiological characteristics or 
varying manifestations of central cerebral processing.  
Two different approaches to describe and quantify individual differences in C-tactile 
mediated affective touch perception are reviewed in this thesis: Paper 2 investigated a 
specific paradigm for determining the individual preferred velocity of stroking touch and 
reviewed both the reliability and validity of the paradigm. The Test of Preferred-Velocity 
detected the individually preferred touch stimulation reliably and was stable across time. The 
test could be validated with the hedonic evaluation of different touch stimuli. Paper 3 aimed 
at investigating the relation between human hair follicle density and C-tactile mediated 
affective touch perception. Hair follicle density was hypothesized to serve as an indicator of 
the quantity of C-tactile afferents in humans. However, only weak evidence for a possible 
quantification of CT afferents through hair follicle density was found. 
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Stability of individual patterns of affective touch 
The results presented in paper 2 confirmed notions that are apparent in the field of affective 
touch research as well as in everyday-life: Individuals seem to have a preference of stroking 
touch velocity that is stable over time. This preferred stroking stimulus might be shaped by 
individual experiences with touch while a conditioning effect is likewise conceivable. The 
results raise a crucial question: Is the individual preference of experienced touch reflected 
in the individual’s active touching behavior with partners of social interaction? As described 
in paper 2, the ToP-V did not relate to the applied measures of daily life touch, such as the 
Social Touch Questionnaire or questions on touch appreciation in everyday life. A potential 
reason for this mismatch might be the lack of ecological validity of the touch stimuli applied 
in the Test of Preferred-Velocity. Another striking set of results in paper 2 reflected no 
difference in the appreciation and hedonic evaluation of touch between the forearm and the 
palm. While CT afferents in humans have exclusively been detected in hairy skin (Vallbo 
and Wessberg, 1993; Vallbo et al., 1999) and thus are assumed to be absent in the palm, 
CT-targeted affective touch was perceived as equally pleasant when applied on the palm of 
the participants. Top-down-processes might influence the perception of CT-targeted touch 
on non-CT-innervated areas of the skin, such as the palm. 
The results presented in paper 2 point towards a common problem in affective touch 
research: C-tactile optimal touch is reliably rated as pleasant in numerous studies (Löken et 
al., 2009; Ackerley et al., 2014; Jönsson et al., 2015). However, affective touch remains a 
complex concept that is highly depending on context, such as cultural norms, situation or 
relation to the toucher. CT-targeted pleasant touch applied in laboratory settings might not 
necessarily be ecologically valid as such. Pleasant touch in day-to-day interpersonal 
interaction can be observed in a broad spectrum and is not exclusively applied on easily 
accessible body sites such as the forearm with standardized stroking velocity and pressure 
and to be determined in a forced-choice paradigm. In a more holistic approach, the Touch 
Experience and Attitudes Questionnaire (TEAQ) was developed, tested and validated very 
recently by affective touch researchers (Trotter et al., 2018). This questionnaire might bridge 
the gap between the many influencing factors on ecologically valid everyday touch and 
quantifying and determining experiences and frequencies of touch as it aims at current touch 
experiences in adulthood as well as in childhood and covers different aspects of positive 
touch such as intimate touch and touch with friends and family. At this, the questionnaire 
might be a promising addition to common experimental approaches in affective touch 
research that allows ecological validity of any laboratory data. 
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Quantification of affective touch through hair follicle density 
In paper 3, the connection between hair follicle density and C-tactile mediated touch 
perception are described. In a psychophysical experiment, both the tactile experiment and 
the determination of hair follicle density were performed on the left forearm of young and 
healthy participants. In an additional study on a subset of participants, the hair follicle density 
of different skin sites was analyzed. Here, the forearm proved to be a representative skin 
site for the overall hair follicle density of the body. In the additional study, previous findings 
on the distribution of hair follicle densities across different body sites could be reproduced 
(Otberg et al., 2004). This proves a methodological soundness of the determination of hair 
follicle density in our experiment. The forearm was also investigated as a body site 
representative for affective touch perception in previous experiments (Jönsson et al., 2015; 
Löken et al., 2009). Interestingly, no coherence between hair follicle density of the forearm 
and measures of C-tactile sensitivity were detected.  
The hypothesis of C-tactile afferents being arranged around hair follicles derived from 
findings of Li et al. (2011). However, this study used genetic labelling in rodents and found 
C-LTMRs to be arranged around specific hair follicles, namely the so-called zigzag and 
awl/auchene hair follicles. As the innervation of hair follicles by C-LTMRs in rodents appears 
to be selective, it is likewise conceivable that CT afferents might be arranged around certain 
hair follicles in humans, too. At this, it should be considered, that the presented study 
determined the overall hair follicle density of the respective skin site and did not differ 
between different types of hair follicles. Future studies might apply more specific methods 
that allow accurate counting of different types of hair follicles. In a previous study, small 
nerve fiber loss was estimated using corneal confocal microscopy (Perini et al., 2016), a 
non-invasive method for the assessment of morphological characteristics of small nerve 
fibers in humans. This could potentially be an approach for future studies. 
As the results presented in paper 3 are not ultimately conclusive, a non-linear relation 
between hair follicle density and affective touch perception is conceivable. As soon as a 
certain threshold of CT afferent density has been exceeded, the prerequisites to perceive 
affective modalities of touch might be given. Only healthy sample of individuals which are 
likely to have “enough” CT afferents and no altered affective touch perception. However, a 
higher density of CT afferents might still enable individuals to differentiate C-tactile optimal 
stimuli more effectively. This is reflected in the varying manifestations of pleasant touch 
awareness and erotic touch differentiation. Likewise, it is conceivable that, within the healthy 
spectrum of peripheral fiber density, individual differences might be shaped by top-down-
processes. It can be assumed that even though CT afferents have been identified as the 
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key players in perceiving hedonically pleasant interpersonal touch, they cannot be detached 
from the holistic concept of touch perception.  
 
LIMITATIONS   
As the presented articles address data from psychophysical experiments, the study designs 
are prone to certain bias. Psychophysical investigations depend on participants’ self-report 
in common practice and, as the questionnaires covered intimate and sensitive items, all 
effort was made to decrease reporting biases due to social desirability and interviewer 
effects. In the course of each study preparation, all effort was made to ensure a high level 
of confidentiality when filling out the questionnaires. The participants were unobserved 
during this part of the experiment and data was collected in a self-administered computer-
survey, from where it was directly encoded and transferred to the according data file. 
However, these biases are difficult to extinguish and might still remain in the data. The 
frequency of sexual acquaintances for example might potentially be over- or underreported 
by certain participants, according to their own perception of social conventions (Grimm, 
2010; van de Mortel, 2008).  
To account for a potential memory and recruitment bias, items targeting the frequency of 
certain sexual behaviors such as frequency of sexual interactions during the last month or 
average duration of sexual interaction, were only reported by participants that were in a 
relationship at the time of the study participation. Still, future studies investigating the 
relationship between touch perception and sexual desire and behavior should either be more 
homogenous concerning sexual orientation of the participants or counterbalance different 
sexual orientations in the recruitment. The unfortunate inhomogeneity of the sample 
investigated in paper 1 is to be accounted for by the explorative nature of the study design.  
In order to evaluate the presented gender-specific difference in C-tactile mediated touch 
perception in more detail, future studies should also be conducted with a gender-balanced 
recruitment. As there is evidence that the female menstrual cycle influences both sexual 
desire and behavior (Roney and Simmons, 2013) and the hair growth cycle might be 
mediated by hormonal levels (Piérard-Franchimont and Piérard, 2013), the incomplete 
measurement of the cycle phase and cycle length of the participating females is a clear 
limitation of the study design. Different hormonal influences in the course of the menstrual 
cycle of women might especially have affected the thickness of hair on the forearm and thus 
the visibility of the hair follicles under the microscope. 
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The CSSM allowed us to count the density of hair follicles per cm² on the forearm of the 
participants in a non-invasive, but rather unspecific manner, as no difference between 
different kinds of hair follicles was distinguishable with this method. C-LTMRs were found to 
be arranged around specific hair follicles in rodents (Li et al., 2011). Thus far, no evidence 
for any spatial relation of CT afferents to hair follicles in humans was found and, in our study, 
we examined only weak support for our hypothesis, that the hair follicle density would predict 
the peripheral characteristics of CT afferents. It can likewise be assumed, that CT afferents 
would, if at all, be arranged around specific hair follicles in humans, a relation that is unlikely 
to be detected with the CSSM. 
Further potential limitations of the presented studies focus on the experience of touch and 
examining affective touch perception in a laboratory set-up in general. The experience of 
receiving affective touch can and thus far has been described in multiple ways. As subjective 
as visual hedonic rating scales may seem, they have proven to be reliable tools that detect 
fine difference in measuring affective touch perception (Jönsson et al., 2015; Sailer et al., 
2016; Croy et al., 2016; Löken et al., 2009; Essick et al., 2010). The adjectives given on the 
VAS in our experiments – pleasant, erotic and intense – are only a few of the potential 
descriptors of touch experience. While rating of perceived pleasantness and intensity is 
common practice in affective touch research, the description of affective touch as ‘erotic’ 
was so far tested only once (Jönsson et al., 2015). In the preparation of the study session, 
no interpretation of the hedonic rating scales was forced upon the participants, they were 
able to define the VAS-anchors for themselves. Also, to limit potential priming effects, the 
tactile experiment was applied first and all of the questionnaires were answered last in the 
study session.  
Another difficulty in the investigation of tactile stimuli that vary in stroking velocity is the lack 
of standardization between the different stimuli: When working with different stroking 
velocities, either presentation time or stimulated skin surface will differ between the different 
stimuli. It is thus conceivable that ratings of perceived pleasantness might as well represent 
the stimulation time – the slower the stroking velocity, the higher the perceived pleasantness 
might be. However, our data shows that this is not the case. The commonly known and often 
described U-shaped course of pleasantness ratings across the different stroking velocities 
proves a non-linear relationship between stroking velocity and hedonic evaluation. Even 
within the range of CT-optimal stroking velocities (1 to 10 cm/s), slower stroking does not 
result in higher perceived pleasantness.   
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CONCLUSIONS 
The presented articles reflect internationally linked work that ties on and extends previous 
studies and perceptions in affective touch research. In two psychophysical experiments 
conducted in Dresden (Germany) and Linköping (Sweden), further insights into the 
peripheral characteristics of C-tactile afferents were acquired and conclusions of behavioral 
consequences to C-tactile afferent sensitivity were drawn.  
The perception of touch is a complex construct and an important tool of communication. 
Affective touch perception is thereby likely to be mediated by both C-tactile afferents and A-
beta fibers. However, a higher sensitivity for CT-targeted stimulation might shape the 
experience of caressing, interpersonal touch as more socially valuable. Individuals might be 
born with a different “set” of peripheral nerve fiber characteristics, which may be quantifiable. 
In the presented work, we gather further evidence for the mediation of C-tactile afferents in 
erotic touch perception and show implications of varying C-tactile sensitivity on intimate 
interpersonal interaction. In two different psychophysical investigations, we observed C-
tactile mediated affective touch to be stable across time and further tested and implemented 
different ways to characterize individuals concerning their level of C-tactile sensitivity. 
Possible prospects for future approaches in this still growing field of research are being 
discussed thoroughly.  
With potential clinical implications on parent-child-therapy, sexual therapy as well as autism 
spectrum disorder, the field of affective touch research has a significant impact on social 
neurosciences as such. At this, the presented results might not only shed more light onto 
the secrets of C-tactile afferents, but also contribute to the journey of uncovering many still 
unknown marvels of human-to-human interaction. 
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Zusammenfassung  
 
Hintergrund 
Zwischenmenschliche Berührung ist ein wichtiger Bestandteil unseres täglichen sozialen 
Lebens. Sie trägt wesentlich zur Entstehung und Aufrechterhaltung von Beziehungen bei 
und kann ein sehr kraftvolles, emotionales Kommunikationsmittel sein. In der Interaktion 
zwischen Eltern und Kind wirkt sich affektive Berührung positiv auf die kognitive und soziale 
Entwicklung der Heranwachsenden aus und ist im Allgemeinen unter anderem mit einem 
gesunden Körperbewusstsein und Interozeption verbunden.  
In den 1990er Jahren konnte eine Gruppe unmyelinisierter Nervenfasern in der behaarten 
Haut des Menschen identifiziert werden, welche auf die Wahrnehmung solch 
zwischenmenschlicher, affektiver Berührung spezialisiert sind. Diese sogenannten C-
taktilen Nervenfasern werden von langsam streichelnden Berührungen (Geschwindigkeit 1 
– 10 cm/s) mit nur leichtem Druck – ähnlich dem sanften Streicheln durch eine menschliche 
Hand - optimal aktiviert (Löken et al., 2009). Interessanterweise wird diese Stimulierung 
gleichermaßen in Experimenten als besonders angenehm beschrieben und empfunden. Die 
Stimuli werden von C-taktilen Nervenfasern mit einer langsamen Leitgeschwindigkeit (ca. 1 
m/s) an den somatosensorischen Kortex, aber auch an die Inselrinde des Gehirns 
weitergeleitet. Letztere trägt unter anderem zu emotionaler Verarbeitung und Integration von 
Sinneseindrücken bei. Mit diesen Eigenschaften stellen die C-taktilen Nervenfasern einen 
funktionellen Gegenpol zu den Hauptakteuren der diskriminativen Berührungsempfindung, 
den Aβ-Fasern, dar.  
Affektive Berührungswahrnehmung wirkt sich positiv auf die kognitive und soziale 
Entwicklung von Kindern aus (Field, 2010) und C-taktil vermittelte Berührungswahrnehmung 
wird in Individuen mit Autismus verändert verarbeitet (Kaiser et al., 2016). Erste Ergebnisse 
deuten darauf hin, dass C-taktile Nervenfasern weiterhin an der Wahrnehmung erotischer 
Berührungen beteiligt sind (Jönsson et al., 2015). Vor diesem Hintergrund wird diese Form 
der taktilen Interaktion auch als „soziale Berührung“ beschrieben, die für die Formung und 
Aufrechterhaltung zwischenmenschlicher Beziehungen eine wesentliche Bedeutung hat 
(Olausson et al., 2010). Dabei haben nur wenige Studien bisher die tatsächliche Auswirkung 
C-taktil vermittelter affektiver Berührungswahrnehmung auf das zwischenmenschliche 
Verhalten untersucht. Individuen scheinen sich hinsichtlich ihrer peripheren oder zentralen 
Charakteristika der affektiven Berührungswahrnehmung zu unterscheiden – eine Methode 
zur Quantifizierung dieser Charakteristika wurde jedoch bisher noch nicht entwickelt.  
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Fragestellung 
In den hier vorgestellten Arbeiten wurde zunächst die Beziehung zwischen C-taktil 
vermittelter Berührungswahrnehmung und sexuellem Verhalten und Verlangen untersucht 
(Paper 1). In einer zweiten Veröffentlichung wird ein Testverfahren zur Bestimmung der 
individuell bevorzugten affektiven Berührung vorgestellt. Studien an Nagetieren haben 
ergeben, dass die den C-taktilen Nervenfasern entsprechenden Mechanorezeptoren um 
bestimmte Haarfollikel herum angefunden werden (Li et al., 2011). Daraus resultierte die 
Fragestellung aus Paper 3, einen Zusammenhang zwischen der Haarfollikeldichte am 
Unterarm und der C-taktil vermittelten Berührungswahrnehmung zu untersuchen. In der 
Arbeit wird auf dieser Grundlage eine Methode zur Quantifizierung C-taktiler Nervenfasern 
getestet. 
Material und Methoden 
Paper 1 und 3 präsentieren die Ergebnisse einer psychophysischen Studie an jungen und 
subjektiv gesunden Probanden, welche an der Medizinischen Fakultät der TU Dresden 
durchgeführt wurde. In Paper 3 wird diese Studie im Rahmen einer Kooperation mit der 
Universität Göteborg mit einer dort durchgeführten ähnlichen Studie verglichen und 
ausgewertet. Die Teilnehmer dieser Studie haben mithilfe eines computer-assistierten 
Roboters standardisierte dynamische Berührungen mit sowohl C-taktil optimalen als auch 
suboptimalen Stimuli am Unterarm erhalten. Diese Berührungen wurden hinsichtlich 
verschiedener hedonischer Aspekte (Angenehmheit, Erotizität) anhand von Visuellen 
Analog-Skalen bewertet. Sexuelles Verhalten und sexuelles Verlangen wurden mithilfe von 
Fragebögen ermittelt. Mithilfe der Cyanoacrylate Skin Stripping Methode wurde den 
Probanden außerdem eine Probe des Stratum corneum der Unterarmhaut entnommen. 
Anhand dieser Proben wurde lichtmikroskopisch die Haarfollikeldichte pro cm² bestimmt. 
Die Ergebnisse einer weiteren Studie, welche an der Universität Linköping (Schweden) 
durchgeführt wurde, werden in Paper 2 aufgearbeitet. In dieser Studie wurde an einer 
Kohorte von jungen und gesunden Probanden ein Testverfahren (Test of Preferred Velocity) 
entwickelt und validiert, mithilfe dessen die individuell bevorzugten Berührungs-Stimuli 
bestimmt werden können. Der Test of Preferred Velocity verwendet ebenso den computer-
assistierten Roboter Rotary Tactile Stimulator, mithilfe dessen in einem Forced Choice 
Paradigma verschiedene Berührungs-Stimuli vergleichend angeboten wurden. Die Studie 
beinhaltet zwei Teile: Zunächst werden Validierung und Test-Retest-Reliabilität des 
Testverfahrens beschrieben. Eine Kurzform der Methode wird im zweiten Teil vergleichend 
an der Handfläche und dem Unterarm von einer neuen Kohorte getestet und validiert.  
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Verschiedene Werte werden für die Einschätzung der individuellen Sensitivität für C-taktil 
vermittelte affektive Berührung herangezogen: In Paper 1 wird die sogenannte erotic touch 
differentiation als Differenz zwischen den Erotizitäts-Bewertungen von C-taktil optimalen (1 
cm/s) und C-taktil suboptimalen (30 cm/s) Berührungs-Stimuli ermittelt. Die pleasant touch 
awareness spiegelt einen ähnlichen Wert für die Sensitivität angenehmer Berührungen in 
Paper 3 wieder, wobei dieser zur durchschnittlichen Höhe der jeweiligen hedonischen 
Bewertung in Bezug gesetzt wird. 
Ergebnisse 
In der hier vorgestellten Arbeit zeigt sich, dass C-taktil optimale Berührungs-Stimuli mit einer 
Geschwindigkeit zwischen 1 und 10 cm/s gleichermaßen als angenehm und erotisch 
empfunden werden. Dies bestätigt die Ergebnisse einer früheren Studie, welche bereits eine 
Beteiligung C-taktiler Nervenfasern an der Wahrnehmung erotischer Berührungen 
feststellen konnten (Jönsson et al., 2015).  
Entsprechend der vorgestellten Hypothesen konnte ein geschlechtsspezifischer 
Zusammenhang zwischen Werten C-taktil vermittelter erotischer Berührungswahrnehmung 
und sexuellem Verlangen und Verhalten beschrieben werden (Paper 1): Während unter den 
Probandinnen ein signifikanter Zusammenhang zwischen der erotic touch differentiation und 
dem Verlangen nach einer sexuellen Interaktion zu verzeichnen war, konnte in der Gruppe 
der männlichen Studienteilnehmer ein negativer Zusammenhang zwischen der erotic touch 
differentiation und der Anzahl tatsächlich stattgefundener sexueller Interaktionen im letzten 
Monat beobachtet werden. 
Der Test of Preferred Velocity zeigte sich als geeignet, um individuell bevorzugte 
Berührungs-Stimuli zu bestimmen und bewies eine hohe Test-Retest-Reliabilität (Paper 2). 
Mithilfe der hedonischen Bewertung der verwendeten Stimuli konnte der Test weiterhin 
validiert werden. Die Kurzversion des Testes zeigt ähnlich zuverlässige Eigenschaften und 
steht bei der Anwendung am Unterarm, nicht jedoch auf der Leistenhaut der Handfläche, 
mit den hedonischen Bewertungen in Zusammenhang. 
Die Haarfollikeldichte als Möglichkeit der Quantifizierung C-taktil vermittelter Berührung ließ 
sich nicht bestätigen (Paper 3). Anhand einer großen Stichprobe können allerdings die 
bisher bekannten Bewertungsmuster C-taktil vermittelter Berührungen erneut bestätigt 
werden. Auch hier wird ein geschlechtsspezifischer Unterschied in der hedonischen 
Bewertung zugunsten der Studienteilnehmerinnen beschrieben.  
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Schlussfolgerungen 
Die vorgestellten Arbeiten bestätigen und erweitern bisherige Erkenntnisse zu 
Eigenschaften und Funktion C-taktiler Nervenfasern im Menschen. C-taktile Nervenfasern 
scheinen signifikant zu dem komplexen Konzept der Wahrnehmung angenehmer und 
erotischer Berührungen beizutragen und sich auf das zwischenmenschliche Verhalten 
auszuwirken. Erstmals werden in diesen Arbeiten auch geschlechtsspezifische 
Eigenschaften affektiver Berührungswahrnehmung näher. Der vermutete Zusammenhang 
zwischen Haarfollikeldichte und affektiver Berührungswahrnehmung ließ sich nicht 
bestätigen. Der Test of Preferred Velocity kann jedoch zur individuellen Quantifizierung der 
bevorzugten Berührungs-Stimuli in weiteren Studien verwendet und ggf. weiterentwickelt 
werden. 
 26 
 
Summary 
 
Background 
Interpersonal touch is an irreplaceable contributor to our daily social life. It is a powerful tool 
for communicating emotions and, at this, enables the formation and maintenance of 
relationships. Affective touch is one of the first interactions in parent-child-dyads and 
contributes positively to the cognitive and social development of children and adolescents.  
In recent years, a group of nerve fibres was detected and identified as a key player in the 
perception of affective touch. These so-called C-tactile afferents are specialized in the 
perception of human-to-human caress-like touch. They are optimally activated/stimulated by 
light and slowly stroking touch at velocities between 1 and 10 cm/s (Löken et al., 2009). 
Interestingly, in a standardized experiment, these tactile stimulations are likewise 
hedonically rated and perceived as most pleasant. C-tactile afferents project to the insular 
as well as somatosensory cortex at a slow speed of around 1 m/s. The insular cortex is 
suggested to be involved in emotional processing and integration of sensory impressions, 
above else. Against this background, C-tactile afferents are characterized as key players in 
affective touch perception and mark an antipole to discriminative touch perception and Aβ-
fibres. 
Affective touch contributes to the cognitive and social development in children (Field, 2010) 
and C-tactile mediated affective touch perception is altered in individuals with Autism 
Spectrum Disorder (Kaiser et al., 2016). First evidence further suggests a contribution of C-
tactile afferents in the perception of erotic touch (Jönsson et al., 2015). Against this 
background of evidence for the role of C-tactile afferents, the social-touch-hypothesis was 
formed (Olausson et al., 2010), stating a contribution of C-tactile afferents in the formation 
and maintenance of interpersonal relationships. Still, only few approaches thus far have 
investigated the actual influence of C-tactile mediated affective touch perception on 
interpersonal behaviour. Individuals seem to differ in their peripheral and central 
characteristics and processing of affective touch, but a method to quantify these differences 
is still missing. 
Aim 
In the presented articles, we first investigated the relationship between C-tactile mediated 
touch perception and sexual desire and behaviour (paper 1). Next, a procedure to test the 
individual preference of affective touch was developed and examined (paper 2). Recent 
research described C-low-threshold mechanoreceptors – the equivalent of C-tactile 
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afferents in rodents - to be arranged around certain hair follicles (Li et al., 2011). We thus 
hypothesized in paper 3, that hair follicle density might be related to the density of C-tactile 
afferents and that affective touch perception might be predicted by hair follicle density. The 
article describes and examines a method for quantification of C-tactile afferents in humans. 
Materials and Methods 
Papers 1 and 3 present the results of a psychophysical study conducted on a sample of 
relatively young and subjectively healthy participants at the Medical Faculty of Dresden 
University of Technology. In paper 3, the study is compared and analysed in relation to 
another study as part of a cooperation together with the University of Gothenburg (Sweden). 
The study design involved the standardized application of different CT-optimal as well as –
suboptimal stroking stimuli on the forearm using a computer-assisted robotic device (Rotary 
Tactile Stimulator). The participants were asked to rate these tactile stimuli concerning 
different hedonic qualities (pleasantness and eroticism) on visual analogue scales. Sexual 
Desire and sexual behaviour were determined indirectly through questionnaires. The study 
design further included the Cyanoacrylate Skin Stripping Method that enables sampling of 
the upper layer of the skin – the stratum corneum. These samples were analysed light-
microscopically in order to determine the hair follicle density of the participants. 
Paper 2 reviews a different study which was conducted at the Center for Social and Affective 
Neurosciences at the University of Linköping (Sweden). In this study, the Test of Preferred-
Velocity was examined and validated as a measure of individually preferred touch stimuli on 
a sample of young and healthy participants. Analogous to the study design described in 
paper 1 and 3, tactile stimuli were applied using the Rotary Tactile Stimulator as well. The 
Test of Preferred-Velocity includes a forced choice paradigm in which the preferred stimulus 
out of different pairs needs to be reported. The paper describes two different set-ups 
applying the test: First, the Test of Preferred Velocity was validated and tested for retest-
reliability. Afterwards, a short version of the test was applied on both the forearm and the 
palm of the hand, where it was each validated and compared in-between.  
The following measures were determined in order to analyse and describe the individual 
sensitivity for C-tactile mediated affective touch perception: In paper 1, the erotic touch 
differentiation was determined as the difference of eroticism ratings between C-tactile 
optimal (1 cm/s) and C-tactile suboptimal (30 cm/s) tactile stimuli. Pleasant touch awareness 
equally reflects the sensitivity for pleasant touch in paper 3. However, this measure further 
considers the average level of hedonic ratings. 
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Results 
C-tactile optimal stroking stimuli at velocities between 1 and 10 cm/s were perceived as both 
pleasant and erotic. This confirms the results of a previous study by Jönsson et al. (2015), 
where a contribution of C-tactile afferents to erotic touch perception was suggested.  
According to the presented hypotheses, a gender-specific relation between C-tactile 
mediated erotic touch perception and sexual desire as well as sexual behaviour could be 
detected (paper 1): Within the group of female participants, erotic touch differentiation was 
positively correlated with the desire for sexual interaction with a partner. In the male sub-
group of participants however, erotic touch differentiation was negatively related to the actual 
frequency of sexual interactions with a partner in the course of the last month. 
The Test of Preferred-Velocity was reviewed as a reliable procedure for determining the 
individually preferred stroking velocity of C-tactile-targeted touch, presented a high test-
retest-reliability and was validated with the hedonic ratings of the participants (paper 2). The 
short version of the test presented equally reliable features and was related with the hedonic 
ratings when tested on the forearm but not the palm of the participants. 
Hair follicle density, however, could not be confirmed as a method to quantify C-tactile 
mediated affective touch perception or fibre density (paper 3). In the described extended 
sample of paper 3, the previously suggested and well-known rating patterns of C-tactile 
mediated affective touch perception were confirmed. Interestingly, a gender-specific 
difference in the hedonic evaluation of touch could be determined when female participants 
consistently rated the applied stimuli as significantly more pleasant and erotic than men.  
Conclusions 
The presented articles confirm and extend previous assumptions on the properties and 
function of C-tactile afferents in humans. At this, C-tactile afferents seem to contribute 
significantly to the complex concepts of pleasant and erotic touch perception and have an 
impact on interpersonal behaviour. The results give insights into how gender might modulate 
C-tactile-mediated touch perception and did not find support for the hypothesis that hair 
follicle density and C-tactile sensitivity might be related. The Test of Preferred-Velocity 
however, might be used as a tool to investigate the individually preferred stroking stimulus 
in further studies. 
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J Sex MedBackground: Unmyelinated low-threshold mechanoreceptors—the so-called C-tactile (CT) afferents—play a
crucial role in the perception and conduction of caressing and pleasant touch sensations and significantly
contribute to the concept of erotic touch perception.
Aim: To investigate the relations between sexual desire and sexual performance and the perception of touch
mediated by CT afferents.
Methods: Seventy healthy participants (28men, 42women;mean age± SD¼ 24.84± 4.08 years, range¼ 18e36
years) underwent standardized and highly controlled stroking stimulation that varied in the amount of CT
fiber stimulation by changing stroking velocity (CT optimal ¼ 1, 3 and 10 cm/s; CT suboptimal ¼ 0.1, 0.3, and
30 cm/s). Participants rated the perceived pleasantness, eroticism, and intensity of the applied tactile stimulation
on a visual analog scale, completed the Sexual Desire Inventory, and answered questions about sexual performance.
Outcomes: Ratings of perceived eroticism of touch were related to self-report levels of sexual desire and sexual
performance.
Results: Pleasantness and eroticism ratings showed similar dependence on stroking velocity that aligned with the
activity of CT afferents. Erotic touch perception was related to sexual desire and sexual performance in a gender-
specific way. In women, differences in eroticism ratings between CT optimal and suboptimal velocities correlated
positively with desire for sexual interaction. In contrast, in men, this difference correlated to a decreased fre-
quency and longer duration of partnered sexual activities.
Clinical Implications: The present results lay the foundation for future research assessing these relations in
patients with specific impairments of sexual functioning (eg, hypoactive sexual desire disorder).
Strengths and Limitations: The strength of the study is the combination of standardized neurophysiologic
methods and behavioral data. A clear limitation of the study design is the exclusion of exact data on the female
menstrual cycle and the recruitment of an inhomogeneous sample concerning sexual orientation.
Conclusion: The present results provide further evidence that unmyelinated CT afferents play a role in the
complex mechanism of erotic touch perception. The ability to differentiate between CT optimal and suboptimal
stimuli relates to sexual desire and performance in a gender-specific way. Bendas J, Georgiadis JR, Ritschel G.
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Sex is a reward-directed behavior and, like other pleasures, the
sexual response can be parceled into motivational and consum-
matory components.1,2 Sexual desire can be conceptualized as
the conscious experience of sexual motivation, although it also
can be part of sexual performance. Judged from the high prev-
alence of sexual dysfunction associated with desire,3,4 its occur-
rence is crucial for human sexual functioning. Although all senses
are possible gateways to sexual desire, neurobiological scrutiny645
646 Bendas et alhas focused mostly on the way visual and olfactory stimuli excite
sexual motivation and desire.1,5 For all the strong sexual feelings
it can generate, the skin as a proximal gateway to sexual desire has
received surprisingly little attention in the scientific literature.
Yet, the ability to perceive interpersonal touch as sexually stim-
ulating and pleasurable could be a key component of sexual
behavior. Unsurprisingly, a symbiosis between the amount of
tactile physical affection and relationship satisfaction and
attachment bonds has been reported.6
Human-to-human touch is conducted by different peripheral
sensory nerve fibers of varying degrees of myelination. A
particular class of unmyelinated (C class) sensory fibers, acting as
mechanoreceptors (C low-threshold mechanoreceptors), has
received much attention in recent decades, being verified as a
fundamental element in the conduction of affective interpersonal
touch.7e10 The so-called C-tactile (CT) fibers also have been
associated with body perception11 and social well-being.9,12
These and other observations led to the “CT social touch
hypothesis”13 suggesting that CT afferents are of crucial
importance as a mediator in interpersonal touch. CT fibers have
been recorded from human skin with exception of glabrous skin
(eg, the lip vermilion, soles of the feet, and palms of the hands).14
However, it is still unknown whether the genital area—covered
by glabrous and hairy skin—contains CT fibers.
Previous studies have determined the explicit properties of CT
fibers: microneurographic tests, which directly derive electric
signals from the small fibers, have shown that the firing rates of
the CT afferents are at their highest when roused by a stimulus
with a temperature of approximately 32C15 and a velocity of 1
to 10 cm/s.7,14,16 In the brain, key areas for CT-mediated touch
processing are the posterior insular cortex,10 the orbitofrontal
cortex,17,18 and the anterior cingulate cortex.19,20 This suggests
that CT afferent information has direct access to the brain’s
emotional and reward system.
In a classic neuroscience textbook, CT afferents were suggested
to be involved in the conduction of sexually stimulating or
arousing touch.21 This hypothesis was recently confirmed in a
psychophysical experiment.22 CT optimal stroking frequencies for
reported eroticism range from 1 to 10 cm/s, very similar to those of
reported pleasantness ratings in previous experiments.7,23e25
Furthermore, although the presence of CT afferents in the geni-
tal area has yet to be established, it has been shown that erotic
genital touch26,27 and genital engorgement28,29 activate an area in
the posterior insula where putative CT sensations are processed.
We examined potential coherences between CT-mediated
perception of erotic touch stimuli and individual sexual desire
and performance profiles as inferred from questionnaires in a
sample of healthy young men and women. CT optimal and
suboptimal stroking on the left forearm took place under the
same conditions as in previous psychophysical studies.7,23e25
The two-point discrimination threshold was included as a mea-
surement of the discriminative aspects of the sense of touch,
which are most likely conducted by myelinated Ab-fibers.30Because CT-mediated touch is experienced as rewarding and
related to the perception of eroticism, we investigated whether an
individual high perceptibility of CT-targeted touch facilitates
positive sexual experiences. Therefore, we hypothesized that
ratings of CT-specific stroking, but not discriminative touch
perception, would correlate positively to sexual desire and sexual
performance.AIM
The relation between CT-mediated touch perception and
subjective measurements of sexual desire and sexual performance
was investigated.MAIN OUTCOME MEASURES
Ratings of perceived eroticism of tactile stroking stimuli
(overall eroticism), CT-specific stroking (erotic touch differen-
tiation), and two-point discrimination obtained in a laboratory
environment were related to self-report data on sexual desire
(interactional subscale of Sexual Desire Inventory [SDI]) and
sexual performance (duration and frequency of partnered sexual
activities, perceived pleasantness of sexual activities, and orgasm
frequency in women).METHODS
Ethical Declaration
The study design was conducted according to the Declaration
of Helsinki on Ethical Principles for Medical Research Involving
Human Subjects and approved by the ethics committee of
Dresden University of Technology.
All participants signed an informed consent and received a
small financial compensation.Participants
Participants were recruited by postings at the local university
buildings and the university website. Fluency in the German
language for comprehension of instructions and questionnaires as
well as subjective health were required. All participants stated
that they had a normal sense of touch and normal or
corrected-to-normal vision. This was assessed before inclusion in
the study. To decrease potential participation bias, participants
were not specifically asked about their sexual health before the
investigations.
Eighty volunteers participated in the study. Eight were excluded
because of mental health issues (based on their questionnaire
scores) or reports of experienced sexual violence (all women).
Another two participants (oneman and one woman) were excluded
from the analysis because they stated no sexual activity.
Hence, the final sample was composed of 70 healthy
volunteers (42 women, 28 men) 18 to 36 years old (mean
age ± SD ¼ 24.84 ± 4.08 years) and most were students.J Sex Med 2017;14:645e653
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were required, thereby avoiding potential early-onset menopausal
hormonal changes in women as a mediating factor in sexual
desire. Women were oversampled to control for the influence of
hormonal contraception (HC). Twenty-one women used oral
contraceptives; another 21 women did not use any HC method.
Menstrual cycle phase was not considered. Of all participants, six
women stated a bisexual orientation and four men reported a
homo- or bisexual orientation. Forty-seven participants (31
women, 16 men) reported being in a relationship at the time of
the study session. All those relationships were heterosexual.Procedure
The study was part of a broader examination of influences of
sensory inputs on sexual performance and desire and thus also
involved the determination of olfactory thresholds31 and assess-
ments of hair follicle density using the Cyanoacrylate Skin
Stripping Method.32 All participants performed the psychophys-
ical stroking experiment first, followed by a discriminative touch
investigation, and provided a skin sample for the determination of
hair follicle density before performing the olfactory threshold
assessment. The questionnaires were completed at the end of the
session. Olfactory thresholds and hair follicle densities will be
presented elsewhere and were not included in the present analyses.Psychophysical Stroking Experiment
Participants were seated in a comfortable chair in a room with
a minimally distracting interior. They were asked to uncover
their left forearm and place it in a pronated position on a pillow
underneath the approximately 70-mm-wide soft goat hair brush
of the Rotary Tactile Stimulator. The Rotary Tactile Stimulator
is a robotic device—developed at the University of North Car-
olina in Chapel Hill (USA) in cooperation with Dancer Design
in St Helens (UK)—for delivering touch stimuli with high-
precision control of stroking velocity and force.33 The left fore-
arm as location for the tactile stimulation was chosen to allow for
comparison with results from previous studies.22,25 This previous
work also proved there was no difference in perceived eroticism
or pleasantness between the forearm and the inner thigh,22 which
justifies the use of forearm stimulation for the investigation of
erotic touch perception.
After a calibration of stroking at a normal force of 0.4 N, the
experiment was initiated. In total, the stroking protocol involved
18 strokes at six different velocities along an approximately
13-cm-long distance on the dorsal forearm in a proximal-to-distal
direction. Presentation order was randomized within and
between participants. CT optimal (1, 3, and 10 cm/s) and CT
suboptimal (0.1, 0.3, and 30 cm/s) stroking velocities were
presented. After each stimulus, the participants were given a
30-second interstimulus interval in which they rated the
perceived pleasantness, eroticism, and intensity of the particular
stroking velocity on a visual analog scale (VAS). Participants were
not instructed to interpret the word erotic in any way. Each VASJ Sex Med 2017;14:645e653was displayed on a piece of paper (A5) as a 10-cm-long black line
with the anchors “not at all pleasant/erotic/intense” at the level of
0 cm and “highly pleasant/erotic/intense” at the level of 10 cm.
To prevent effects of social desirability, the experimenter was not
present during the stroking experiment.Two-Point Discrimination
To examine the ability to distinguish between two spatially
divided tactile stimuli, a metal device (similar to any usual
divider) with two tips at alterable distances was used. Because the
two-point discrimination threshold is approximately 30 to
45 mm on the forearm of young and healthy individuals,34 we
used decreasing distances in steps of 0.5 cm (5, 4.5, 4, 3.5, and
3 cm) and assessed the minimal distance where the two tips were
perceived as two in five of five trials. The participants were asked
to close their eyes during the test, and the two-point discrimi-
nation was tested on the same dorsal area of the left forearm.Questionnaires
The study design was supplemented by a battery of ques-
tionnaires on sexual desire and performance, aiming to cover
different levels of sexual function. In this study, sexual desire
served as a partner-independent variable, because sexual activity
can strongly be influenced by relationship status and the sexual
preferences of the partner.3
There were three different sets of questions. For the first set,
participants filled in the SDI,35,36 which measures sexual desire
as a solitary factor and a dyadic factor. Because the dyadic factor
describes the desire to act out sexual interactions with a partner,
analysis focused on this subscale, which consists of five items
with possible answers predetermined on a nine-point scale rep-
resenting different levels of frequency or need.
In the second set, sexual performance was assessed indirectly.
The generally perceived pleasantness of sexual interactions was
reported in the answer to the question, “How pleasant do you
perceive sexual activities?” using a VAS with the anchor points
0 (not at all pleasant) and 8 (extremely pleasant). Women also
answered the question, “What percentage of the time do you
have orgasms in any way when you engage in sexual intercourse?”
Participants who reported being in a relationship at the time of
the study session also were asked to provide information on their
sexual activity with the partner by answering questions about the
frequency of sexual activities during the past month and the
average duration of a sexual interaction with a partner in mi-
nutes. These items were based on the anamnestic protocol of a
center for sexual therapeutic treatment (Awakenings Center for
Sexuality and Intimacy, Raleigh, NC, USA, Watson, 2009).
The third set dealt with potential confounding factors,
including pain during sexual intercourse, experiences of erectile
dysfunction in men, and experience of sexual violence (Awak-
enings Center for Sexuality and Intimacy). It also involved the
Disgust Sensitivity Scale37; the Big Five Questionnaire assessing
648 Bendas et althe personality traits of neuroticism, openness, agreeableness,
extraversion and conscientiousness38; and the short version of the
Patient Health Questionnaire consisting of 15 items determining
mental health.39 These factors served as covariates in the analysis
if related to the dependent variables of the first and second sets.Statistical Analysis
All statistical analyses were done using SPSS Statistics 22.0 for
Windows (IBM Corp, Armonk, NY, USA).
For the analysis of stroking ratings, a mean value for each
stroking velocity was computed from three repetitions per
velocity. Linear and quadratic regression analyses were applied to
ratings of pleasantness, eroticism, and intensity for the different
velocities.
To analyze the relation between erotic touch perception and
different manifestations of sexual performance and sexual desire,
we introduced two specific measurements of erotic touch
perception: the erotic touch differentiation—calculated as the
difference between the rating of the stroking velocity at 1 cm/s
and the velocity at 30 cm/s—differentiates between CT optimal
(1 cm/s) and suboptimal (30 cm/s) stroking stimuli in each
participant. The stroking velocity of 1 cm/s was previously
observed as the stroking stimulus perceived as most erotic,22
whereas 30 cm/s was previously rated as a poor CT stimulus
in microneurographic experiments.13 Therefore, higher values for
erotic touch differentiation are likely to reflect superior func-
tioning (density, sensitivity) of CT fibers and/or differential
central processing of CT input.
The overall eroticism—the mean value of ratings across the
different stroking velocities for every participant—shows the
overall tendency to rate toward eroticism and thus likely reflects
variations in central processing only.
Women with or without HC did not differ in their ratings of
perceived eroticism in repeated measurement analysis of variance
(P ¼ .873). Further, these women did not differ in their
manifestation of sexual desire or sexual performance, which was
determined using t-tests for independent samples (SDI dyadic
factor with HC mean ± SD ¼ 23.5 ± 5.9, without HC
mean ± SD ¼ 22.3 ± 6, P ¼ .520 by t-test; SDI solitary factor
with HC mean ± SD ¼ 16.3 ± 9.9, without HC mean ± SD ¼
19.1 ± 8.2, P ¼ .324 by t-test; perceived pleasantness of sexual
interactions with HC mean ± SD ¼ 6.5 ± 1.25, without HC
mean ± SD ¼ 6.2 ± 1.5, P ¼ .507 by t-test; sexual frequency
with HC mean ± SD ¼ 7 ± 6, without HC mean ± SD ¼ 9.6 ±
5.9, P ¼ .250 by t-test). Therefore, the two groups were merged
for subsequent analysis.
Rating patterns for perceived eroticism were compared
between male and female participants using analysis of variance
with the applied velocities (six) as within-subject factors and
gender as a between-subject factor. A t-test for independent
samples was performed to contrast the overall eroticism between
women and men.Because of the statistically significant difference in the overall
ratings of perceived eroticism between men and women, any
potential relation between erotic touch perception and sexual
performance and desire was analyzed separately for the gender-
specific subgroups of the sample.
Possible confounders, such as painful sensations during sexual
intercourse, experiences of erectile dysfunction in men, disgust
sensitivity, and personality traits, were further related to variables
of tactile perception (overall eroticism, erotic touch differentia-
tion, and two-point discrimination) to determine potential
underlying effects. If correlated to the dependent measurements,
these confounders were included as covariates or controlling
factors in a partial correlation. However, correlation analyses and
t-test, respectively, showed no relation between measurements of
touch perception (overall pleasantness vs eroticism, erotic vs
pleasant touch differentiation) and the confounders, except for a
positive correlation between overall eroticism and levels of
neuroticism (r ¼ 0.379, P ¼ .001). Hence, neuroticism was
controlled for tests of overall eroticism. Other confounders were
not included in further analysis.
Relations between erotic touch differentiation, overall eroti-
cism, and two-point discrimination and subjective indices of
sexual performance and sexual desire (SDI) were examined using
non-parametric correlation analysis (Spearman). Correlations
were considered significant at a P value less than .05.RESULTS
Touch Perception
The ratings for perceived pleasantness and eroticism were
well described by a quadratic fit (pleasantness, F1,70 ¼ 120.42,
P < .001; eroticism, F1,70 ¼ 160.61, P < .001) with the highest
ratings for pleasantness and eroticism at CT optimal stroking
velocities of 1 to 10 cm/s. In contrast, the ratings for perceived
intensity followed a linear (F1,69 ¼ 31.06, P < .001) and
quadratic (F1,69 ¼ 73.51, P < .001) fit, attaining a plateau at the
stroking velocity of 1 cm/s (Figure 1).
The median two-point discrimination threshold was 4.0 cm
across all participants. Women had a lower threshold
(median ¼ 4.0 cm, interquartile range ¼ 1.5 cm) than men
(median ¼ 4.5 cm, interquartile range ¼ 1 cm; P ¼ .006 by
median test).
For further analysis of the relation between touch perception
and sexual performance and desire, analysis focused on measure-
ments for erotic touch perception and two-point discrimination.Erotic Touch Perception and Gender
The ratings of perceived eroticism clearly differed between
male and female participants. A significant between-subject effect
(F1,69 ¼ 9.99, P ¼ .002; Figure 2) indicated that women rated
the perceived eroticism higher than men. Further, a significant
within-subject interaction contrast (gender by velocity) for theJ Sex Med 2017;14:645e653
Figure 1. Mean visual analog scale ratings of perceived pleasantness, eroticism, and intensity for the different stroking velocities. Error
bars represent 95% confidence intervals. The typical inverted U-shaped curve with the highest ratings in the range of 1 to 10 cm/s—the so-
called C-tactile optimized stroking velocities—is found for pleasantness and eroticism. The course of intensity ratings attains a plateau at
velocities higher than 1 cm/s. Figure 1 is available in color online at www.jsm.jsexmed.org.
Gender-Specific C-Tactile Erotic Touch 649quadratic fit (F1,69 ¼ 4.8, P ¼ .032) attested to a more
distinctive quadratic shape for female compared with male par-
ticipants (Figure 2).Erotic Touch Perception and Sexual Desire and
Performance in Women
Erotic touch differentiation, indicating higher ratings for
CT- compared with noneCT-targeted touch, was positively
correlated to the SDI dyadic factor, which represents the desire for
sexual interaction with a partner (r ¼ 0.359, P ¼ .019; Figure 3
and Table 1). There was no significant relation of erotic touch
differentiation to any of the sexual performance variables (sexual
frequency and duration, orgasm frequency, and sexual pleasant-
ness, Table 1).
Overall, eroticism and two-point discrimination did not
correlate with any of the measurements of sexual desire or per-
formance (Table 1). Partial correlations controlled forFigure 2. Mean ratings (VAS) of perceived eroticism for the
different stroking velocities between men and women. Error bars
represent 95% confidence intervals. Women rate the applied
stroking touches as more erotic than men. VAS ¼ visual analog
scale. Figure 2 is available in color online at www.jsm.jsexmed.org.
J Sex Med 2017;14:645e653neuroticism did not indicate any relation between overall eroti-
cism and measurements of sexual desire or performance.Erotic Touch Perception and Sexual Desire and
Performance in Men
Erotic touch differentiation did not correlate with sexual desire
but correlated negatively with the number of sexual interactions
with the partner (n ¼ 17, r ¼ 0.515, P ¼ .034; Figure 4 and
Table 1) and positively with the reported average duration of
sexual intercourse (n ¼ 18, r ¼ 0.653, P ¼ .003; Figure 4 and
Table 1). A potential influence of relationship length (in months)
on those items also was checked with correlation analysis and
showed no impact.
For women, the overall eroticism and two-point discrimina-
tion did not correlate with any of the measurements of sexual
desire or performance (Table 1). Partial correlations controlled
for neuroticism also did not indicate any relation between overall
eroticism and measurements of sexual desire or performance.DISCUSSION
The present results support the assumption that CT afferents
mediate erotic touch perception.21 In line with a previous
study,22 an inverted U-shaped relation between the ratings for
eroticism and stroking velocity was found: the highest eroticism
ratings corresponded with stroking velocities known to optimally
stimulate CT afferents (note that different scales and anchor
points were used compared with Jönsson et al22). Moreover, the
results suggest that CT stimulation can mediate sexual desire and
performance (as assessed by sexuality questionnaires) differently
in men and women. First, women rated forearm stimulation as
more erotic than men did, irrespective of velocity (and thus of
the stimulated fiber types). Second, we found gender differences
in the way reported sexual parameters correlated to erotic touch
differentiation—a measurement reflecting superiorly functioning
CT touch processing. In women, erotic touch differentiation was
related to a higher desire for sexual interactions. In men, erotic
touch differentiation was related to fewer sexual interactions and
longer average duration of sexual intercourse. None of those
Figure 3. Scatterplots displaying the relation between erotic touch differentiation and sexual desire (SDI dyadic factor) by gender. The
dotted lines represent the two regression lines obtained by regressing erotic touch differentiation on sexual desire and vice versa. The
depicted r represents the Pearson correlation coefficient. In women, a positive relation between the two factors is presented. SDI ¼ Sexual
Desire Inventory. Figure 3 is available in color online at www.jsm.jsexmed.org.
650 Bendas et alcorrelations were obtained for overall eroticism or two-point
discrimination, implying the CT-mediated erotic touch percep-
tion is specific for those outcomes. We interpret these results as
showing that women are more likely to interpret slow-moving
touch as a sexual cue, whereas men are more likely to interpret
it as a sexual reward during sexual performance.
However, some findings seem to be at odds with this inter-
pretation. For instance, there was a stronger association between
CT-mediated erotic touch perception and desire for intercourse
in women that was not reflected in higher sexual frequency.
Likewise, for men, an increase in the differentiation of erotic
touch appeared to be associated with the quality of their sexual
performance (longer duration), but also with less frequent sexual
interactions, and no correlation with sexual desire was found.
Contradictory as they might seem, these findings do reflect the
fact that motivation and consumption are distinctly represented
in the brain40,41 and in the sexual domain.1 They match current
concepts of sexual desire and sexual arousal and their concor-
dance in men and women.42 For men, the concepts of sexualTable 1. Results of gender-specific non-parametric correlational analy
sexual desire and sexual performance*
Women
Erotic touch
differentiation
Overall
eroticism
2
d
Sexual desire
SDI dyadic 0.359† 0.303
Sexual performance
Duration of intercourse 0.159 0.084 
Frequency of intercourse 0.106 0.110 
Sexual pleasantness 0.215 0.139
Orgasm frequency 0.247 0.022
SDI ¼ Sexual Desire Inventory.
*Correlation coefficients (r) are listed.
†P < .05; ‡P < .01.arousal and sexual desire seem to be considered less inter-
changeable than in women: “arousal” marks a clearly distin-
guishable physical reaction, whereas “desire” implies the
incentive motivation to act out the same arousal and engage in
sexual activity. Women often typically have less concordant
physical arousal and psychological desire. At the same time,
sexual desire in women does not invariably mean a desire to
engage in sexual activities but rather a “desire to feel desired” or
a desire to seek emotional contact and intimacy with a
partner.42,43
Some limitations of the present study design should be
mentioned: the female menstrual cycle (eg, average duration of
the cycle and menstrual bleeding or current phase of the cycle) as
a potential mediating factor in the measurements of sexual per-
formance and sexual desire in women was sparsely assessed, and
the inhomogeneous composition of the sample group concerning
sexual orientation (with only a small share of bi- or homosexual
orientation) was insufficient for analyses on possible differential
effects in CT function in more specific subgroups.sis between measurements for erotic and discriminative touch and
Men
-Point
iscrimination
Erotic touch
differentiation
Overall
eroticism
2-Point
discrimination
0.158 0.199 0.230 0.277
0.160 0.653‡ 0.319 0.049
0.215 0.515† 0.298 0.093
0.133 0.074 0.309 0.037
0.042 — — —
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Figure 4. Relation between erotic touch differentiation and the estimated average duration of sexual intercourse (in minutes) and
the amount of sexual intercourse during the past month in men only. The dotted lines represent the two regression lines obtained by
regressing erotic touch differentiation on sexual desire and vice versa, respectively. The depicted r represents the Pearson correlation
coefficient. A significant positive correlation between erotic touch differentiation and the duration of sexual intercourse is presented.
Further, a negative relation between erotic touch differentiation and the sexual frequency is presented. Figure 4 is available in color online at
www.jsm.jsexmed.org.
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CT-mediated erotic perception in women and furthermore
propose that CT afferents mediate different phases of the sexual
response differently in men and women. The next question is
whether such a difference would be driven by peripheral or
central mechanisms or an interaction of the two. Although
gender differences are subtle, women seem to outperform men in
pleasantness and eroticism ratings for CT-mediated touch,
which has been reported.24,33 The present findings suggest that
erotic touch perception is independent from individual factors
such as personality traits or disgust sensitivity. This could be
indicative of a larger role for peripheral nervous system function
in this phenomenon rather than top-down effects. However, a
functional magnetic resonance imaging study in young
heterosexual men showed that the gender of the agent providing
CT stimulation (of the inner thigh) had a profound effect on
somatosensory brain function, suggesting that expectancy does
play a significant role in CT-mediated erotic perception.44
Further, top-down factors, such as an individual’s disgust
perception, shape the brain’s response to touch by enhancing
discriminative aspects of touch and suppressing CT-related
aspects.45
Determining the mechanism behind the relation of CT touch
perception and sexual performance is not conclusive. It is equally
plausible to suggest that the peripheral CT function affects sexual
parameters and vice versa in a conditioning way. However, the
latter was not found in our data in which the correlations be-
tween erotic touch differentiation and sexual performance in
men were controlled by the length of relationship in months,
which showed no subjacent relation.
In summary, sexual interactions mark an expression of
emotional intimacy and close contact in interpersonal relation-
ships. We can confirm the notion that erotic touch perception
relates to the peripheral characteristics of unmyelinated CTJ Sex Med 2017;14:645e653afferents.22 Erotic touch is perceived strongest at velocities that
are known to optimally activate CT fibers. These specialized
afferents most likely conduct the affective shape of the tactile
perception and thus moderate the emotional evaluation of touch
that is interpreted as erotic.CLINICAL IMPLICATIONS
Low sexual desire is one of the most common sexual complaints
in women.3 With approximately 30% of women at a reproductive
age affected,4 there is a distinct demand for enlightenment in the
processes affecting the sensitive construct of sexual desire in
women. However, there is an explicit lack of treatment options,
although there are promising attempts of research leading the
way toward therapeutic psychoeducation for mindfulness-based
treatment.46 Whether such mindfulness-based therapy options
could be applicable for a training of erotic touch differentiation,
potentially enhancing female sexual desire, is conceivable.
Our results also show a relation between CT perception and
enhanced duration and lower frequency of sexual intercourse in
men. If men could be trained in CT perception, then they might
enhance the quality of their sexual relationships by better
aligning with the needs of their partner. Prevalent male sexual
dysfunctions, such as psychogenic erectile dysfunction and pre-
mature ejaculation, which affect up to 15% of men,47 could be
targets of such an approach.
Future research in this field might be able to assess the same
coherence for clearly defined groups of men and women with
specific impairments of sexual functioning, such as hypoactive
sexual desire disorder and arousal or orgasmic disorders.
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A B S T R A C T
Affective touch is of fundamental importance in human social interactions and there is an increasing interest in
using touch as a probe for general affective perception. To this end, we developed a test of preferred velocity
(ToP-V) of touch and tested whether the individually preferred stroking velocity is a stable and valid
measurement. In study one, thirty healthy participants (18–30 years, 17 women) were examined with the
ToP-V. Therefore, pairs of different slow stroking stimuli were presented by the Rotary Tactile Stimulator – a
robotic device - on the forearm and the participants chose the velocity they preferred in a forced choice
paradigm. A retest was conducted after about 12 days. In study two, twenty-two healthy participants
(20–43 years, 11 women) were tested with a shorter version of the ToP-V on the forearm and also on the
palm. Moreover, they rated the pleasantness and the intensity of the stroking stimulations on both body sites.
Results suggest that humans possess an individual and stable preferred velocity of stroking touch (test-retest
reliability r = 0.86) which can be tested in a standardized procedure. A shortened 5 min version of the ToP-V
also exhibited reasonable test characteristics (split half reliability: r = 0.7; test-retest reliability r = 0.77). The
ToP-V correlated well with the pleasantness ratings when tested on the forearm (r = 0.65), but not when tested
on the palm (r =−0.22), indicating that the ToP-V targets a C-tactile nerve fiber specific perception. Hence, the
ToP-V can be used for reliably probing affective touch perception.
1. Introduction
The sense of touch is of fundamental importance in human life, in
particular for social interaction and bonding [1]. Touch can provide a
foundation on which relationships are created, maintained and
strengthened [2]. It is used in daily interactions in the context of
expressing emotions such as love, compassion and gratitude [3]. Hence,
touch is seldom random and people choose whom and where they touch
[4,5].
A new line of research focusses on the peripheral and central
processing of affective touch (for overview see [6]) and found that
interpersonal stroking touch stimuli are signaled by C-tactile (CT)
fibers, a subgroup of unmyelinated afferents in the human hairy skin
[7–9]. Highest pleasantness perception – as well as highest firing
frequency of those fibers – is found for stroking velocities in the range
of 1–10 cm/s with a peak of the course of both pleasantness ratings and
neural firing at 3 cm/s. Velocities of 30 cm/s or faster and 0.3 cm/s or
slower lead to a drop of neural firing and pleasantness ratings [7].
Hence, stroking stimuli are perceived as the most pleasant if presented
in a slow stroking manner with light force, optimal for inducing a
vigorous response of CT nerve fibers. This finding has been replicated in
various studies (e.g. [7,10–12].), including different age groups [13] as
well as different modi of tactile stimulation [14,15]. A different
methodological approach in addition showed, that people prefer to
get the same stimulus again when being stroked with slow velocities of
1–10 cm/s, but prefer to get another stroking stimulation when being
stroked with the very slow velocity of 0.3 cm/s or the very fast of
30 cm/s [16]. In accordance to preferring CT-targeted touch, people
also stroke each other spontaneously with velocities that match the
optimal range for CT fiber activation [17]. It can therefore be suggested
that CT fibers evolved to signal the rewarding value of social tactile
interactions. It is then worth noting that central projections of CT fibers
bypass the somatosensory cortex and project into the posterior insula
[18,19] and further involve the orbitofrontal cortex [20], a central
reward area. CT-targeted touch applied for 40 min further leads to up-
building response in the striatum and in the orbitofrontal cortex [21].
Interestingly, a reduced perception of CT stimulation is related to
autistic traits in adults [22] and matching this the cortical processing of
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slow stroking stimuli is reduced in adults with high traits of autism
compared to adults with low autistic scores [23] and in autistic
compared to normally developed children [24]. Also, patients affected
by anorexia nervosa have been shown to perceive CT targeted touch as
less pleasant than a control group [25]. Hence, there is an increasing
interest in using slow stroking touch perception and processing as a
probe for mental disorders. However, it is yet unclear whether slow
stroking perception is a stable trait. Accordingly, the test of preferred
velocity (ToP-V) was developed in order to test whether people are
reliable in their preferred velocity of stroking touch. In the test,
participants are presented with pairs of different stroking velocities
and asked to indicate, in a two alternative forced choice paradigm,
which stroking velocity they prefer.
In study 1, we examined whether the preferred velocity is reliable
within a session (split-half reliability) and across sessions (test-retest
reliability). We further examined its convergent validity by investigat-
ing whether the ToP-V related to the individual attitude towards
socially relevant touch, as assessed by a social touch questionnaire
[26]. In study 2, we tested whether the ToP-V can be validated with a
different methodology (the velocity-pleasantness psychophysical para-
digm [7,27]) and whether there are differences in the preferred velocity
obtained from the forearm and the palm. This is important as the
forearm is rich in CT fibers, while no such fibers have been detected yet
in the human glabrous skin of the palm [28].
2. Study 1
2.1. Methods
2.1.1. Participants
Thirty healthy participants were tested (13 men and 17 women,
aged 18–30 years (mean age 22 ± 2.6 years SD). Most of them were
students. Eighteen participants reported to be in a relationship, nine
reported not to be in a relationship and three did not answer this
question.
The participants were recruited through flyers at the University of
Gothenburg, most of them were students. The participants received a
financial compensation of about 20EUR. The study was approved by the
ethics committee of the University of Gothenburg.
2.1.2. Questionnaires
It has been shown that high touch avoidance related to reduced
touch appreciation, including both, CT- and non-CT-targeted touch
[29]. In order to assess whether the preferred velocity of stroking touch
relates to daily life touch behavior or attitude, a questionnaire and two
one-item questions on social touch were added. Prior to the experiment,
the participants filled out the social touch questionnaire [26]. This
questionnaire consists of 20 items asking about the attitude towards
interpersonal touch on a five point scale and was translated into
Swedish. Furthermore, the participants answered two questions about
daily touch habits: “How often do you have body contact with family
members or close friends (never, once/month, once/day, more than
once/week, once/day, more than 10min/day, more than one hour/
day)?” and “How much do you like this kind of body contact (not at all,
not so much, neither one nor the other, much, very much)?”. These
questions were administrated in Swedish as well.
2.1.3. Touch stimuli procedure
Stroking touch stimulation was applied by a computer driven
robotic device (rotary tactile stimulator, RTS; Dancer Design, St
Helens, UK, driven under LabVIEW, National Instruments, TX) with
constant brushing force of 0.4 N and precise velocity control. This
protocol was applied in accordance with previous work on CT-targeted
touch [7,12–14,30,31]. Participants were seated in a comfortable chair
with their left arm in prone position on a pillow. After force calibration,
participants were brushed with a soft goat hair brush (wide 7 cm) on
their left dorsal forearm. An area of 10 cm of the participants' skin was
stroked. Brushing always occurred in pairs of different velocities and
the participant's task was to indicate by voice, in a two-alternative
forced choice paradigm, which of those they preferred. For each
velocity, just a single stroke was presented, meaning that brushing at
low velocities (e.g., 1 cm/s) lasted longer than strokes at higher
velocities (e.g. 10 cm/s).
Three individually adjusted runs containing different sequences
were presented (Fig. 1). In run one, participants received 10 randomized
pairs of velocities ranging from 1 to 10 cm/s (CT-targeted touch) with a
Fig. 1. Overview of the brushing sequences. In the first run, 10 pairs were presented in a random order and the participants were asked to choose the preferred velocity for each pair.
Depending on the outcome of this run, one of three sequences was presented in the second run and depending on the second run, the last run was presented. Velocity difference between
the velocities of each pair decreased with the runs.
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velocity difference of 5 cm/s per pair (for instance 1 cm/s vs 6 cm/s;
8 cm/s vs 3 cm/s) and with an inter stimulus interval of 15 s. This inter
stimulus interval was applied to account for the fatigability of CT fibers.
Five different pairs were presented; each of them was replicated. Hence,
participants had to indicate 10 times, which velocity they preferred.
Depending on how often the highest velocity within the pair was chosen
in run one, participants received one out of three sequences in run two
(range of velocities: 1–6 cm/s; 3–8 cm/s; 5–10 cm/s). Here, 3 different
pairs with a velocity difference of 3 cm/s were presented twice.
Depending on the number of choices of the highest velocity within
the pair, participants received one out of five possible sequences (range
of velocities: 1–3 cm/s; 3–6 cm/s; 5–7 cm/s; 6–8.5 cm/s; 8–10.5 cm/s)
in run three, where 3 different velocity pairs with a velocity difference of
1 cm/s were presented twice.
At the end, the velocities selected within each pair in run three were
averaged and this average constituted the ToP-V result (long version).
For a short version, the number of preferred velocities, chosen in run
one was examined. The whole testing procedure took about 25 min. All
participants returned for retest after 2–21 days (mean 11.6 ± 5.3,
median 13 days SD).
2.1.4. Statistical analysis
Results were analyzed using SPSS v. 22. The average preferred
velocity from run three served as main outcome variable. Due to test
construction, a test result of medium stroking velocities was more likely
than velocities at the end of the tested range. Therefore, averaged
stroking velocities were additionally transferred into 8 “classes of
similar likelihood by chance”. Those classes encompassed the velocities
1–3.0, 3.0–4.5, 4.5–5, 5–5.5, 5.5–6, 6–6.5, 6.5–8 and 8–10.5 cm/s.
The averaged stroking velocities (ToP-V results) were analyzed in a
non-parametric way in order to account for the different probabilities of
the outcome. Gender differences and the impact of relationship was
analyzed using Mann-Whitney U test. Test-retest reliability, age differ-
ences and the convergent validity with questionnaire data and to the
social touch questions were analyzed using Spearman correlation
coefficient (rs).
We further tested if a shorter version of the test has a sufficient
reliability. Therefore, we analyzed only run one and ignored results of
run two and three. In run one, we counted the number of preferred high
velocities. As 10 pairs were presented in total, this number could reach
from 0 to 10. A person who would always choose the highest velocity,
would hence be scored with a 10. The obtained numbers were
compared to the expected likelihood and - using Pearson's correlation
coefficient (r)- they were examined for the test-retest and split-half
reliability aims. The latter was calculated by correlating the number of
choices of the high velocity in the first occurrence of each pair (0–5)
with number of choices of the high velocity in the second one (0–5).
2.2. Results
2.2.1. Preferred velocity of stroking touch
The preferred velocity of the participants ranged from 1.6 to 10.1
(mean 5.2,± 2.3 SD). If the individual choices were random, we would
expect that those preferred velocities are equally distributed among the
“classes of similar likelihood by chance”. This was not the case and
participants' results of ToP-V differed from the expected likelihood
(p = 0.001). The class of 3–4.5 cm/s was the most commonly preferred
of the 8 potential ranges. The variance of ToP-V results could neither be
explained by gender or age nor by the answer to the questionnaire or
the two questions: There was no significant difference between men and
women (p = 0.3), no significant correlation with age (rs = 0.07,
p = 0.7) and no significant convergence between the ToP-V results
and the social touch questionnaire (rs = 0.16, p = 0.4) or with the
questions about social touch (touch amount: rs = 0.00, p = 1; touch
appreciation: rs =−0.30, p = 0.11). Participants being in a relation-
ship however tended to prefer slower brushing (Mean 4.6 ± 2.1 SD)
compared to participants who stated not to be in a relationship (Mean
6.6 ± 2.4 SD, p = 0.07). The ToP-V result was stable: The ToP-V was
stable over a time of 2–21 days with a test-retest reliability of rs = 0.86
(p < 0.001, Fig. 2).
2.2.2. Short version of the ToP-V
In order to examine whether the ToP-V could be shortened, only
data from run 1 were examined. Therefore, the number of preferred
high velocities was counted for each pair of run. This measurement was
chosen, because this short version did not allow the determination of a
fine tuned individual preferred velocity and the number of preferences
resembles the choices better.
The number of preferred high velocities ranged from 0 to 10 (mean
4.7 ± 3.0 SD) and differed from the expected likelihood (p < 0.001).
There was a good split half reliability for the short version (r = 0.70,
p < 0.001) and a good test-retest reliability (r = 0.77, p < 0.001).
The outcome from the short ToP-V was highly correlated to the
outcome of the long version (r = 0.84, p < 0.001).
3. Study 2
3.1. Methods
3.1.1. Participants
In study two, a different set of twenty-two healthy participants was
tested (11 men and 11 women, aged 20–43 years, mean age
25.9 ± 5.9 years SD). Most of the participants were students and they
were recruited using a website for study participation of Linköping
University. Eleven participants reported to be in a relationship, eleven
reported to be single. The study was approved by the ethics committee
of the University of Linköping and participants received a financial
compensation of about 20EUR for the participation in the study.
3.1.2. Questionnaire
The participants filled out the social touch questionnaire [26],
administrated in Swedish.
3.1.3. Touch stimuli procedure
Four different touch stimulations were performed: A) The ToP-V
(short version) was applied on the forearm and B) the ToP-V (short
version) was applied on the palm. C) Participants were asked to rate
pleasantness and intensity of the stroking applied on the forearm and D)
to rate pleasantness and intensity of the stroking applied on the palm.
The ToP-V always preceded the ratings and order of tested body sites
was counterbalanced. Stroking touch stimulation was applied similar to
study 1 by the RTS with constant brushing force of 0.4 N and precise
velocity control.
The ToP-V was applied according to study 1. However, as study 1
Fig. 2. Test-retest reliability of the ToP-V on the forearm (study 1).
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revealed a good test-retest reliability of the shortened version, only run
one was administered (10 pairs of velocities: 1 to 10 cm/s with a
velocity difference of 5 cm/s per pair). The rating was performed
similar to previous studies (e.g. [7,14,32–35].): Participants were
stroked with different velocities. After each stimulus, they rated the
pleasantness and intensity on a visual analogue scale (VAS) ranging
from 0 (not pleasant/intense at all) to 10 (extremely pleasant/intense).
The scales were presented on a tablet computer. In order to get a fine
tuned range of ratings, we did not only use the conventionally tested 5
different velocities (0.3, 1, 3, 10 and 30 cm/s), but tested 12 velocities
in total (0.3, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10 and 30 cm/s). Each velocity was
presented once per body site and the order was randomized using the
RTS computer program. The whole testing procedure took about
40 min.
3.1.4. Statistical analysis
The ToP-V number of preferred high velocities obtained from the
forearm was compared to the same measure obtained in study 1 using
dependent samples t-test. The impact of gender and relationship status
was tested with independent samples t-test; the impact of age and the
convergent validity with the social touch questionnaire were tested
with Pearsons's correlation coefficient.
The ToP-V numbers of preferred velocities obtained from forearm
and palm were compared to each other with dependent samples t-test.
The VAS rating data were analyzed with ANOVA for repeated
measurements with the within-subject factors of site (2 levels) and
velocity (12 levels).
The number of preferred high velocities (ToP-V) was compared to
the pleasantness ratings in order to examine the convergent validity.
Therefore, the velocity rated as the most pleasant was determined for
each participant and this variable was correlated to the number of
preferred high velocities using Pearson's correlation coefficient.
3.2. Results
Similar to study 1, the ToP-V number of preferred high velocities
ranged from 1 to 10 (mean 4.5 ± 2.4 SD) for the forearm. There was
no significant difference when comparing that measure of study 1 and
study 2. Similar to study 1, there was no significant impact of gender
(p = 0.7), age (r = 0.21, p = 0.3), relationship status (p = 0.5) or
outcome in the social touch questionnaire (r = 0.28, p = 0.2) on the
number of preferred high velocities. When combining data from both
studies in order to increase the power, we found a significant effect of
gender, indicating that women preferred high velocities more often
than men (p = 0.05; number of preferred high velocities: women:
5.3 ± 2.7SD; men: 3.8 ± 2.5SD).
The ToP-V number of preferred high velocities was significantly
lower when tested on the palm compared to when tested on the forearm
(palm: mean 3.3 ± 2.3SD; forearm: mean 4.5 ± 2.4SD; 95%CI of the
difference: 0.10–1.9; T = 2.4, p = 0.027).
For the intensity ratings, no significant effect of velocity (F = 0.5,
p = 0.9), body site (F = 2.9, p = 0.1) or on interaction between both
(F = 0.2, p = 0.9) were found. For the pleasantness ratings, a significant
effect of velocity (F = 5.7, p = 0.001, η2 = 0.22) was found, but no
effect of tested body site (F = 0.4, p = 0.5) and no interaction between
body site and velocity (F = 0.3). An inverted-u-shaped curve was found
for pleasantness ratings on the palm and on the forearm, with velocities
in the intermediate range being perceived as more pleasant compared
to very fast or slow stroking (compare Fig. 3). Hence, ratings over
velocity followed a quadratic regression (F = 30.3, p < 0.001,
η2 = 0.60).
When the number of preferred high velocities was compared to the
pleasantness ratings, a medium high correlation was found for data
from the forearm (r = 0.65; p < 0.001). People who preferred higher
velocities in the ToP-V also rated high stroking velocities as the most
pleasant. By contrast, the correlation performed for the palm was not
significant (r =−0.22, p = 0.33, see Fig. 4).
4. Discussion
We have tested a forced choice paradigm for measuring the
preferred velocity of stroking touch. The ToP-V has a sufficient split-
half reliability, gives reproducible results in test-retest comparisons and
can be validated with a rating experiment [7,27]. Accordingly, humans
seem to have an individual and rather stable preferred velocity of
stroking touch.
Both of the key findings, the reliability of the preferred velocity of
stroking touch as well as the validity are discussed.
In terms of reliability, we observed a stable preference within a
session and across sessions, which was however obtained in relatively
small velocity range of optimal CT fiber stimulation (1 to 10 cm/s). We
can hence conclude that people possess an individual and rather stable
preference of touch velocities within the CT-optimal range. However,
one has to notice the rather broad range of the retest-interval of 2 to
21 days, which should be more consistent in further research. We did
not test whether people are stable in their preference for CT activating
over non-CT activating dynamic stroking touch. We assume that a
wider range of velocities rather increases than decreases the strength of
the test-retest reliability. Nevertheless, further research is warranted
here. It might be, that the individual preference within CT optimal
velocities is even more stable, because it is underpinned by the CT
nerve fibers.
It has to be noted, that stroking velocities are confounded with
stimulation time. Stroking applied with a low velocity hence lasts
longer than stroking applied with a high velocity. Therefore, we cannot
conclude with certainty, that people differentiate the velocities and not
presentation time. This is a common problem in CT research. An
alternative approach, which is seldom used, is to keep time constant. In
that way, however, stroking velocity is confounded with the number of
stimulations or with the distance of the stimulated area.
In terms of convergent validity, we observed a positive convergence
between the ToP-V and a rating experiment. The ToP-V results obtained
on the forearm correlated well with the pleasantness ratings, however
the correlation of 0.65 shows, that there is a substantial portion of
variance in the pleasantness ratings which cannot be explained by the
ToP-V. This is not surprising as the validity is restricted by the
reliability of the method. For the ToP-V we showed a split half
Fig. 3. Mean pleasantness ratings of affective touch obtained from the forearm
(continuous line) and from the palm (dashed line) as observed in study 2. There were
no significant differences between both tested sites. Error bars represent the standard
mean error.
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reliability of 0.70 and a test-retest-reliability of 0.77, for the pleasant-
ness ratings no such data exists to the best of our knowledge. If we
assume a reliability of about 0.75 for the TOP-V and a rather high
reliability of 0.85 for the pleasantness ratings, the validity hence cannot
exceed 0.75 * 0.85 = 0.64. Interestingly, the number of preferred high
velocities obtained from the glabrous skin of the palm (where no CT
fibers have been found yet [28]) and from the hairy skin of forearm did
not differ to a great extent. We would have expected that people prefer
slower velocities on the forearm, which is rich on CT fibers. In contrast,
people preferred slower velocities when tested on the palm. For the
rating experiment, no differences at all in terms of pleasantness were
found. This is in line with previous studies where no [36] or only
moderate [15] differences between pleasantness ratings obtained from
the forearm and palm were found and may be explained with top down
processes. CT fibers moderate the pleasantness perception in hairy skin
and we speculate that the characteristics of CT fiber activating touch
are transferred via top down mechanisms to the glabrous skin.
Furthermore, while CT-fibers moderate pleasantness perception, such
percept may also be coded by an interaction between central mechan-
isms and the input of other fibers. Nevertheless, there was no correla-
tion between number of preferred high velocities and pleasantness
ratings on the palm, while a strong correlation between the two
measures was found for the forearm. This indicates that dynamic
stroking touch sensations from the forearm are more reliable than such
sensations from the palm. We assume the reason is that affective touch
sensations from forearm are coded by CT fibers.
For the daily life touch, we found no significant convergence with
the ToP-V results. Neither the social touch questionnaire, nor questions
about the appreciation of touch or the amount of touch significantly
related to the ToP-V. Hence, the transference of touch perception as we
measured it under highly controlled laboratory conditions to daily life
seems problematic. The reason might be, that our measurement of the
preferred velocity of stroking touch is to a large part influenced by the
peripheral and central coding of CT nerve fibers, while top down
mechanisms, such as context and interpersonal relation with the
toucher, are kept constant. In daily life however, those variables play
a very strong role. Humans avoid to be touched by strangers more than
by intimate partners [5], process touch differently when being touched
by a male then by a female [37] and the pleasantness of touch is altered
by contexts, such as words [38] or odors [12,39]. Furthermore, the ToP-
V forces participants to always choose a preferred velocity of stroking
touch. This is an advantage for the aim of the test, namely to find a
preferred velocity of stroking touch. However, the test neglects the
general pleasantness appreciation of touch. This general appreciation
has been mainly found to be altered in relation to age [13], daily life
touch avoidance [29] or mental state [22]. The appreciation of CT
specific velocities of touch is seemingly altered by a strongly reduced
CT fiber density, as present in people with a rare genetic condition [40].
Apart from that, little is known about the appreciation of specific
velocities of touch. A study with different methodology found - in
agreement with our study – no impact of age [13]. Gender may
however have a small impact and relationship status may as well shape
the touch preference. More research on a larger number of participants
is warranted here.
For people with mental disorders, reduced processing or perception
of CT-stimuli was observed in autism [22–24] and anorexia nervosa
[25]. Especially for those disorders, the ToP-V could be a useful tool for
the examination of CT-processing. This tool has the advantage of
providing a satisfactory test-retest reliability, of being on good align-
ment with rating data and of being rather short and easily to under-
stand for the participants. However, more research on this test is
warranted and should especially focus on a larger spread of velocities
and on the mixed results in terms of convergent validity. While the test
converged with another test of CT perception, the relation to daily life
touch was very weak.
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The relation between human 
hair follicle density and touch 
perception
Emma H. Jönsson1, Johanna Bendas2, Kerstin Weidner2, Johan Wessberg1, Håkan Olausson1,3, 
Helena Backlund Wasling1 & Ilona Croy2
Unmyelinated low threshold C-tactile fibers moderate pleasant aspects of touch. These fibers 
respond optimally to stroking stimulation of the skin with slow velocities (1–10 cm/s). Low threshold 
mechanoreceptors are arranged around hair follicles in rodent skin. If valid also in humans, hair follicle 
density (HFD) may relate to the perceived pleasantness of stroking tactile stimulation. We conducted 
two studies that examined the relation between HFD and affective touch perception in humans. In 
total, 138 healthy volunteers were stroked on the forearm and rated the pleasantness and intensity. 
Stimulation was performed by a robotic tactile stimulator delivering C-tactile optimal (1, 3, 10 cm/s) and 
non-optimal (0.1, 0.3, 30 cm/s) stroking velocities. Additionally, a measure of discriminative touch was 
applied in study 2. HFD of the same forearm was determined using the Cyanoacrylate Skin Stripping 
Method (CSSM), which we validated in a pretest. Women had higher HFD than men, which was 
explained by body size and weight. Furthermore, women rated affective touch stimuli as more pleasant 
and had higher tactile acuity. Depilation did not affect touch perception. A weak relationship was found 
between the C-tactile specific aspects of affective touch perception and HFD, and the hypothesis of HFD 
relating to pleasant aspects of stroking only received weak support.
The hair follicle is surrounded and innervated by a large network of sensory afferents1 and it has long been sug-
gested that hair follicles are important for the sense of touch2. The aim of the current studies was to test whether 
hair follicle density (HFD) is related to the affective component of touch.
Hair follicles are present all over the body, except for the palms of the hands, the soles of the feet, the genitalia 
and the lip vermillion3–6. The adult human has three types of hair: terminal, vellus and intermediate hair. The ter-
minal hairs are thick and pigmented and can be found in androgen-dependent areas (e.g. scalp, beard and axilla) 
and in some androgen-independent areas (such as the eyebrows). Vellus hairs are thin, short and unpigmented 
and cover the whole body, except for the glabrous skin. Intermediate hairs can be described as a mixture between 
the terminal and vellus hairs and are found together with the vellus hairs on the arms and legs of adults1. All hair 
follicles are developed early in the fetal period and no new hair follicles are formed after birth, implying that HFD 
in an adult will depend on how much that particular body part grows after the formation of the hair follicles7. 
This has two interesting consequences: First, it can be assumed that there is a certain inter-individual variation of 
HFD and this variation will be rather stable over time, with some degeneration being possible. Hence, a person 
with low HFD will remain a person with low HFD. Second, HFD in the adult depends on the degree of growth 
of particular body parts after the formation of the hair follicles7. Correspondingly, the density of hair follicles is 
highly variable over the human body, with highest densities in the face and lowest in the more distal parts of the 
body, such as the calf6–9.
Recent work in mouse hairy skin has shown that the hair follicles are innervated by C low threshold mechan-
oreceptors (C-LTMRs)10, 11. The terminal projections of C-LTMRs are only found in hairy skin and they appear to 
encircle and penetrate the hair follicle11. Furthermore, C-LTMRs selectively innervate certain types of hair follicle, 
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namely the awl/auchene and zigzag, but not guard hair follicles10. Furthermore, the dorsal root ganglions (DRGs) 
innervating distal limbs contain fewer C-LTMRs than DRGs innervating proximal limbs10.
The human equivalent to the C-LTMRs are called C-tactile afferents. The C-tactile afferents, which exist exclu-
sively in hairy skin, respond optimally to a slow, light stroking (1–10 cm/s) delivered at skin temperature. Stroking 
the skin at faster and slower velocities decreases the firing frequency. The characteristics of C-tactile optimal 
stroking correspond to a human-to-human caress12–15 and the firing frequency is correlated with subjective rat-
ings of perceived pleasantness13. C-tactile afferents have also been suggested to be involved in detecting the erotic 
component of touch to non-genitalia skin13, 16. Taken together, the main role of these nerve fibers appears to be 
the moderation of the affective experience of touch15. It has been further shown that adults who are asked to apply 
a stroking caress to their infant or their partner, spontaneously use velocities that target C-tactile afferents17.
The density of C-tactile afferents appears to predict the perceived pleasantness of tactile stroking stimulation. 
In a group of rare patients suffering from a significant reduction of thin nerve fibers, including C-tactile fibers, 
ratings of perceived pleasantness were significantly reduced compared to healthy controls18. Other clinical disor-
ders where altered C-tactile processing has been found include for example autism19, 20 and anorexia nervosa21.
The discriminative properties of touch on the other hand, such as object identification, are mainly processed 
by thick, fast conducting, myelinated Aβ afferents22. In contrast to C-tactile fibers, the firing frequency of Aβ affer-
ents increases linearly with increasing velocity13. The firing frequency of Aβ afferents is correlated with ratings of 
touch intensity13.
One way to present the C-tactile specific experience of touch is by measuring pleasant touch awareness. This 
variable represents the C-tactile specific, mainly peripherally moderated experience of touch. It has been shown 
before, that pleasantness ratings to stroking stimulation show a strong correlation to the firing frequency of 
C-tactile fibers and that the C-tactile firing frequency follows an inverted U-shaped curve13. We therefore assume, 
that a high bending of the curve reflects the perception of C-tactile mediated aspects of touch. This bending is 
calculated as the rating difference of C-tactile optimal vs. sub-optimal stroking velocities, weighted by the overall 
touch ratings19. The overall touch pleasantness on the other hand represents a top down modulated experience of 
touch and is calculated as averaged ratings over all stroking velocities19. The stimulation of Aβ afferents in a strok-
ing experiment is best captured by ratings of intensity13. Another measurement of Aβ signaling is the two-point 
discrimination threshold.
We hypothesized, that human hair follicles could be associated with C-tactile afferents in a similar way as 
shown in mice. Affective touch perception may depend on C-tactile fiber density and positively relate to HFD. 
The spatial summation of C-tactile input to the central nervous system due to higher HFD and C-tactile fiber 
density may thus be encoded as higher levels of pleasant touch awareness.
To examine the relationship between HFD and affective touch perception, we first defined the forearm as a 
body site representative for the overall HFD of the body using the cyanoacrylate skin stripping method (CSSM)7. 
Secondly, in a small subsample we tested whether depilation changed the perception of touch stimulation. These 
two pretests are presented in the methods section. We then tested HFD and the affective perception of slow 
C-tactile afferent targeting stroking, in order to determine a potential correlation. Using a robotic device validated 
for psychophysical examination of hedonic qualities of touch23, participants were stroked with C-tactile optimal 
(1, 3, 10 cm/s) as well as non-optimal (0.1, 0.3, 30 cm/s) velocities (compare previous studies12, 24, 25) and asked to 
rate the affective domains of pleasantness and eroticism. The relation between C-tactile afferent stimulation and 
non-genitalia directed erotic touch perception has been shown in a recent paper16. The ratings of eroticism are 
presented in the supplementary information.
According to previous work19, two main affective touch outcome variables were defined: The pleasant touch 
awareness and the overall touch pleasantness. In an additional study, we replicated and extended study 1. Ratings 
of intensity and two-point discrimination (study 2) were included in order to test for discriminative, Aβ medi-
ated, touch. We also assessed gender differences in HFD, discriminative and affective touch perception.
Results
Moderators of hair follicle density. In the first study, the HFD of the forearm skin was successfully cal-
culated in 55 out of 58 participants samples, yielding a mean number of 37.4 ± 10.0 hair follicles per cm2 (range: 
17–59). HFD was significantly negatively correlated to the weight of the participants (r = −0.303, p = 0.031) 
and further negatively related to the body height, however this correlation was not significant (r = −0.247, 
p = 0.1). Hence, the height and weight were included as covariates in the following analysis of gender differences. 
Although women displayed a higher HFD than men (women: N = 33, mean 38.39 ± 9.52; men: N = 22, mean 
35.91 ± 10.77, compare Fig. 1), the difference was not significant after inclusion of weight and height in the anal-
ysis (F[51] = 0.36, p = 0.6).
The results of HFD calculations in study 1 were replicated in study 2. Here, HFD was successfully calculated 
in all 80 samples, displaying a mean number of hair follicles per cm2 of 40.38 ± 13.29 SD (range: 17–84) and 
HFD decreased with increasing volume of the participant’s body (correlation to height: r = −0.312, p = 0.005; to 
weight: r = −0.164, p = 0.2). There was a significant difference in HFD between men and women with women dis-
playing a higher number of hair follicles per cm² compared to men (women: 43.37 ± 14.23/cm²; men: 35.1 ± 9.58/
cm²). However, this difference was not significant after inclusion of weight and height as covariates in the analysis 
(F [79] = 1.3, p = 0.3; Fig. 1).
Combined analysis. The datasets of the original and the replication study were combined in order to allow 
detection of subtle effects by an increased sample size of 135 participants in total. This was possible, as the partic-
ipants of both studies did not differ significantly in gender distribution (p = 0.6), age (p = 0.1), weight (p = 0.8), 
height (p = 0.7), BMI (p = 0.3) or HFD (p = 0.2).
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Over all participants, the HFD was significantly correlated to participants’ weight (r = −0.203, p = 0.021) 
and height (r = −0.286, p = 0.001). Again, women had a higher HFD (mean 41.4 ± 12.8 SD) than men (mean 
35.5 ± 10 SD, compare Fig. 1) and again those differences were not significant after inclusion of weight and height 
as covariates (F[1, 129] = 0.43, p = 0.5).
Perception of affective and discriminative touch. For analysis of the perception of affective and dis-
criminative touch, different measurements can be distinguished: the general perception of affective touch is 
measured by the overall touch pleasantness, whereas C-tactile mediated affective touch perception is described 
by pleasant touch awareness (for calculation of these values, see Methods section). The discriminative touch per-
ception mediated mainly by Aβ fibers was determined through the overall intensity ratings and, in study 2, the 
two-point discrimination threshold.
In the first study, pleasantness ratings of different stroking velocities followed an inverted U-shape peaking 
at 3 cm/s (main effect of velocity: F[2.7, 153.9] = 15.8, p < 0.001; compare Fig. 2). Further, there was a significant 
main effect of velocity on intensity ratings (F [2.3, 129.4] = 10.0, p < 0.001), where faster velocities were rated as 
more intense than slower velocities.
The overall touch pleasantness differed between male and female participants with women rating pleas-
antness of touch significantly higher than men (F[1, 55] = 4.7, p = 0.034). There was no significant interaction 
effect between gender and velocity (pleasantness: p = 0.5) and no significant gender difference on pleasant touch 
Figure 1. Hair follicle density of the forearm compared between men and women in study 1, study 2, and the 
combined sample. There was no significant difference in HFD between men and women in study 1. Women 
presented higher HFD on the forearm in study 2 and in the combined sample. However, this difference 
was explained by women’s smaller body size. On the x-axis the density of the HFD is plotted. The black line 
represents the statistical mean value, the red and blue lines, respectively, represent 95% confidence intervals.
Figure 2. Gender-specific pleasant touch perception. Ratings of perceived pleasantness compared between men 
and women in study 1 and study 2. Female participants rated higher across all applied stroking velocities than 
male participants. The error bars represent 95% confidence intervals.
www.nature.com/scientificreports/
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awareness (p = 0.8), meaning that the shape of the inverted U curve did not differ between genders. Women rated 
the touch slightly more intense than men, however, this difference was not significant (p = 0.1).
These results were replicated in study 2. Here, the touch pleasantness ratings followed a similar inverted 
U-shaped curve with the highest pleasantness ratings for 3 cm/s (main effect of velocity: F[3.01; 210.8] = 38.52, 
p < 0.001 compare Fig. 2). Again, there was also a significant main effect of velocity on intensity ratings (F[2.62, 
180.67] = 31.96, p < 0.001) and faster velocities were rated as more intense than slower velocities.
The overall touch pleasantness differed significantly between men and women, with women rating the pleas-
antness of touch higher than men (F[1, 69] = 10.38, p = 0.002). Again, there was no significant interaction effect 
between gender and velocity and no significant gender difference on pleasant touch awareness (p = 0.9), indi-
cating that the shape of the inverted U curve did not differ between the genders. The overall touch intensity was 
higher for women than for men (F[1, 68) = 11.36, p = 0.001). The median two-point discrimination threshold was 
4 (25th to 75th percentile: 3.5 to 5) and women had a lower threshold, (median 4; 25th to 75th percentile: 3–4.5) than 
men (median 4.5; 25th to 75th percentile: 4 to 5; Z = 2.6, p = 0.009, compare Fig. 3).
Combined analysis. Comparison between the studies revealed a significant difference in the overall touch 
pleasantness (t [134] = 3.05, p = 0.003) with ratings being higher in the sample of study 2. Ratings for pleasant 
touch awareness and for overall touch intensity did not differ between the sample groups (pleasant touch aware-
ness: p = 0.72; overall touch intensity: p = 0.64).
Over all participants, the significant effect of gender on touch perception remained stable, with women rating 
pleasantness and the intensity of touch higher than men (pleasantness: F[1, 135] = 15.0, p < 0.001, intensity: F[1, 
135] = 16.0, p < 0.001). Furthermore, overall touch pleasantness and overall touch intensity differed significantly 
between men and women (p < 0.001, compare Fig. 3 for overall touch pleasantness). There was no interaction 
effect between gender and velocity on the ratings (pleasantness: p = 0.4). In line, there were no significant gender 
differences in pleasant touch awareness (p = 0.8), indicating that the shape of the inverted U curve did not differ 
between the genders.
Perception of touch in relation to HFD. In study 1, there was no significant correlation between HFD 
and pleasant touch perception (overall touch pleasantness: r = 0.079, p = 0.6; pleasant touch awareness: r = 0.028, 
p = 0.8). Furthermore, there was no correlation between intensity ratings and HFD (overall touch intensity: 
r = 0.180, p = 0.2). Inclusion of height and weight as control variables resulted in no changes of the correlations.
The result from study 1 was mainly replicated in study 2. Again, HFD was not related to overall pleasantness 
(r = −0.112, p = 0.322) or overall touch intensity (r = 0.039, p = 0.746) and there was no significant correlation 
between HFD and the two-point discrimination threshold (r = 0.027, p = 0.8). However, HFD correlated posi-
tively to pleasant touch awareness (r = 0.269, p = 0.016, compare Fig. 4), implying that a high pleasantness rating 
to C-tactile specific stimulation was related to higher HFD. Inclusion of weight and height as control variables did 
not change the results: the correlation between HFD and pleasant touch awareness remained stable (r = 0.261, 
p = 0.024), all other correlations were non-significant.
Combined analysis. Combining the data from both studies revealed no significant correlations between the 
HFD and measures of touch (overall touch pleasantness: r = −0.012, p = 0.9; pleasant touch awareness: r = 0.134, 
Figure 3. Two-point discrimination (study 2) and overall touch pleasantness (combined sample). Women 
present a lower two-point discrimination threshold then men. Touch pleasantness ratings were higher for 
women than men in the pooled data set (study 1 and 2). In the representation of overall touch pleasantness, 
the density is plotted on the x-axis. The black line represents the statistical mean value, the red and blue lines, 
respectively, represent 95% confidence intervals. The numbers and color codes on the bar representing the 
female values describe the distance of the two indenting stimuli in the course of the assessment.
www.nature.com/scientificreports/
5SCIENTIfIC REPORTs | 7: 2499  | DOI:10.1038/s41598-017-02308-9
p = 0.1; overall touch intensity: r = 0.096, p = 0.3). Inclusion of height and weight as control variables did not 
change the results.
Discussion
The aim of the present studies was to investigate a potential relationship between HFD on the human forearm 
and affective touch perception from stimulation to the same body site. However, a relation between HFD and 
affective touch perception was only found for study 2, where pleasant touch awareness was moderately correlated 
with HFD. Interestingly, this result was neither found in study 1, nor in the overall sample. Previous studies have 
found C-LTMRs to be distributed around hair follicles10, 11, leading to our hypothesis that C-tactile afferents are 
associated to hair follicles in a similar way in humans and that this influences the perception of stroking touch 
stimulation. We only found weak support for this hypothesis. Several aspects should be considered here: Li and 
colleagues used genetic labeling to visualize the distribution of nerve fibers in rodent skin. In comparison, our 
approach was less specific and relied on the assumption that differences in C-tactile fiber density are reflected in 
affective touch perception. Although it has been shown that pleasant touch perception relates to C fiber density18, 
it is not clear, how C fiber density impacts affective touch perception specifically. We assumed this relation to be 
linear with a higher density of C-tactile fibers resulting in higher ratings of perceived pleasantness, but a staircase 
model is likewise conceivable. Hence, the C-tactile density may not be important for affective touch perception as 
long as a critical amount of intact C-tactile fibers are present. In our sample of healthy people, it is very likely that 
such a critical amount would be conserved in all participants. On the other hand, disturbances in affective touch 
perception have been found in patients suffering from anorexia nervosa21. These patients have a very low body 
volume and, following the argument that all hair follicles are formed in utero, should have more densely packed 
hair follicles and thereby also higher density of C-tactile afferents. However, in these patients the potentially 
higher density of C-tactile afferents does not increase the pleasantness ratings. On the contrary, the ratings are 
decreased compared to normal participants21.
Our hair follicle density measurement was based on skin sample counting. Although we made every effort to 
ensure reliability of this method and our findings are in very good alignment with previous results7, some ques-
tions remain unanswered. For instance the hair shaft length and even type of hair growing in the follicle can vary 
with the hair follicle cycle and is influenced by internal and external factors such as hormonal levels or lifestyle26, 
27. This may impact the visibility of the hair follicles under the microscope. Another limitation of the study is the 
conduction of the experiment on one body site only, the forearm. However, this site is representative for pleasant 
touch perception28 and seemingly represented the individual HFD well.
Taken together, HFD in healthy subjects does not strongly relate to human affective touch perception and, 
as far as we tested this, it neither relates to human discriminative touch perception. However, the study revealed 
more interesting results, which are worth further discussion.
The presented results describe the determination of the forearm as a body site representing the overall hair 
follicle density of the body and reproduce findings on the distribution of hair follicles across the body7. To the 
best of our knowledge, gender differences in HFD have not been reported before. Women are typically smaller 
than men29, which is confirmed in our sample. Differences in body size should matter for HFD as hair follicles 
are formed in utero30 and the HFD in the adult is dependent on the growth of the different body parts. Indeed, we 
found a negative correlation between HFD and weight of the participants in study 1 as well as a negative correla-
tion between HFD and height in study 2. Over the whole sample, both height and weight significantly related to 
HFD. The higher HFD in women was thus fully explained by gender differences in body size.
For affective touch perception, our results confirmed the previously reported inverted U-shape of the ratings 
for pleasantness (e.g. refs 12, 16, 22 and 24). The differences of the rating levels between study one and two are 
Figure 4. Affective touch perception in relation to HFD in study 2. There was a positive correlation between 
pleasant touch awareness and HFD in study 2 across all participants. The dotted lines represent the two 
regression lines obtained by regressing pleasant touch awareness on hair follicle density and vice versa. The 
depicted r represents the Pearson correlation coefficient.
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most likely explained by slight methodological differences (anchors of visual analogue scales and application of 
an additional velocity in study 2).
Women rated the stroking stimulation as more pleasant, irrespective of whether touch was applied at C-tactile 
optimal or suboptimal velocities. This effect has been observed in previous work23. Further, women rated all 
stroking stimulations as more intense and had a lower two-point discrimination threshold. This suggests that 
women are more sensitive to affective and discriminative aspects of touch, however no consistent gender differ-
ences were found for the shape of the curve (measured as pleasant touch awareness) which describes C-tactile 
specific perception.
The gender differences could potentially be explained by differences in peripheral nerve density, top-down 
processing or a combination of the two. It is worth noting that affective touch on the peripheral level is mediated 
by input of both C-tactile and Aβ afferents22. The lack of a difference in pleasant touch awareness suggests that 
the proportion of peripheral C-tactile input is similar for both sexes. The differences in discriminative sensitivity 
suggest a higher density of Aβ afferents in women. Obviously, this is an oversimplification since spinal cord and 
brain processing play a substantial role for the tactile experience. A similar gender effect on discriminative touch 
perception on the fingertips was previously reported and related to the size of the fingertips31. The potentially 
higher afferent input in women may explain the gender specific affective touch rating differences: such a higher 
input may not only increase the perceived intensity of stroking but also the pleasantness by making the tactile 
stimulation more perceivable. In addition, top-down influences may mediate the gender effects of affective touch 
perception. In general, top down processing has been shown to have a modulatory effect on the perception of 
touch32. Potential factors of bias, such as effects of expectancy, effects of the investigator or interpretation of the 
scales33 might differ between genders and thereby affect touch perception. All data collection was done by female 
researchers which potentially influenced the rating behavior of men and women differently, something that has 
been seen in rating behavior of pain previously34. For the ratings, individuals could have had different concepts 
of what the terms pleasant or intense entail; potentially this could be gender specific and to some degree explain 
the differences in ratings.
Conclusion
Extrapolating from the findings by Li et al.10 where C-tactile fibers where found to be located around specific 
types of hair follicles in mice, we formed the hypothesis that the number of hair follicles would indicate the 
underlying C-tactile afferent density in human hairy skin and this would in turn affect the perception of affective 
touch. Only weak support for this hypothesis was found. However, important findings of gender differences in 
ratings of touch perception were made. These factors should be considered in future studies exploring affective 
touch in humans.
Methods
Participants. Fifty-eight participants took part in study 1 (34 female; mean age 26.2 years ± 6.3 years SD, 
range 19–51 years; for more demographic data compare Table 1). Most of these participants (N = 47) were also 
included in a previous study14. Inclusion criteria were subjectively good health, good knowledge of the Swedish 
language and age above 18 years. Exclusion criteria were any skin condition, impairments of the sense of touch or 
sight, and allergic reaction to cyanoacrylate. 11 of the participants also participated in a small study on the effect 
of hair on the perception of touch.
Eighty participants took part in the replication study - study 2 (51 female, mean age 24.86 ± 4.1 years SD, 
range 18–36 years; for more demographic data compare Table 1). Inclusion criteria were subjectively good health, 
good knowledge of the German language and age between 18 and 40 years. Exclusion criteria were any skin con-
dition, impairments of the sense of touch or sight, and allergic reaction to cyanoacrylate.
All participants received financial reimbursement for their participation. Ethical approval was obtained from 
the central ethics committee of the University of Gothenburg in Gothenburg, Sweden (study 1) as well as the eth-
ics committee of Dresden University of Technology (study 2), respectively. The studies were performed according 
to the Declaration of Helsinki on Biomedical Research Involving Human Subjects. All participants received infor-
mation about the study prior to signing informed consent.
Tactile stimulation and psychophysical ratings. For study 1, the participants were seated in a com-
fortable chair in front of a computer screen. Stroking tactile stimulation was applied to the left (N = 47) or to 
the right dorsal forearm (N = 11). The stimuli were delivered by a soft brush (6 cm wide paintbrush made of soft 
goat’s hair) attached to a robotic device (Rotary Tactile Stimulator, RTS, Dancer design; St Helens, UK). Stimuli 
were applied over a distance of 6.5 cm with a force of 0.4 N using five different stroking velocities: 0.3, 1, 3, 10 
and 30 cm/s. The intermediate velocities (1, 3 and 10 cm/s) activate C-tactile afferents optimally while faster and 
slower velocities 0.3 and 30 cm/s activate C-tactile afferents sub-optimally. Each velocity was repeated three times 
in a pseudorandomized order, such that no two subsequent stimulations were of the same velocity. To remove 
environmental disturbances, the participants wore headphones playing pink noise at a comfortable volume. They 
also wore visually shielding goggles to prevent them from seeing the stimulation.
After each brush stroke the participant was asked to rate the stimulus on visual analog scales (VAS) that 
appeared on the computer screen. For each stimulus three properties were rated: pleasantness (anchors: extremely 
unpleasant (−10) and extremely pleasant (10)), intensity (anchors: not at all intense (0) and extremely intense 
(20)) and eroticism (see supplementary data). The participant indicated his/her VAS rating using a computer 
mouse positioned within easy reach on the non-stimulated side. The ratings were automatically translated into 
numerical values. The participants were ensured that the rating procedure would not be supervised.
In study 2, the participants first received the same tactile stimulation on the left forearm as described above for 
study 1, with the exception that six velocities (0.1, 0.3, 1, 3, 10 and 30 cm/s) were administered instead of five. As 
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in study 1 after each brush stroke the participants rated the perceived pleasantness and intensity on VAS with the 
anchor points “not at all pleasant/intense (0)” and “extremely pleasant/intense (20)”, respectively.
Next, on the same site on the forearm, the two-point discrimination threshold was determined using a metal 
devices with two tips (alike a usual divider) in variable distances (3 cm, 3.5 cm, 4 cm, 4.5 cm, 5 cm). The range of 
probes was guided by a previous study35. The participants were asked to close their eyes and were stimulated with 
a slight, gentle indentation of both ends of the device on the central dorsal forearm. They were asked to report 
whether they perceived one or two indentations. The examiner carefully touched the skin with the two tips of the 
device simultaneously. The devices were applied in decreasing order, starting with 5 cm distance until the par-
ticipants perceived the two indentations as one in at least one out of five stimulations. The last distance that was 
recognized correctly in five out of five trials was considered the two-point discrimination threshold.
HFD. After the psychophysical experiment a skin sample from the stimulated part of the forearm was obtained 
using the Cyanoacrylate Skin Stripping Method (CSSM, compare7). Therefore, an area of 2 × 2 cm was marked 
and shaved before applying one drop of cyanoacrylate adhesive (Loctite precision; Henkel, Düsseldorf, Germany) 
onto the skin and covered with a glass slide. The glass slide was gently pressed against the skin so that a thin film 
of glue was formed. After about 30 seconds the glass was lifted off the skin. The number of hair follicles in 1 cm2 
was counted in each skin sample using a light microscope. All samples were anonymized and counted by the same 
person (EHJ for study 1, JB for study 2).
A pretest was conducted for determination of the best site for HFD determination. Fifteen participants took 
part in this pretest (8 female, mean age 23.9 ± 3.0 years SD, range 20–32 years), who received financial reim-
bursement. Good subjective health served as inclusion criteria, whereas any skin condition and allergic reaction 
against cyanoacrylate were used as exclusion criteria. Ethical approval was obtained from the ethics committee of 
Dresden University of Technology. Hair follicle samples were collected on 9 different sites of the body - forehead, 
neck, chest, lower abdomen, lower back, upper arm, forearm, thigh and calf as performed in an analogical study 
by Otberg and colleagues7. The HFD per body site and the overall HFD, calculated as the mean value of the 9 dif-
ferent sampled sites, were obtained and z-standardized for further investigation in order to account for the distri-
bution of hair follicle densities between body sites. In result, the obtained HFD for the different body sites agreed 
with the densities found by Otberg et al.7, and the densities decreased in a proximal-distal fashion, with the high-
est densities found on the forehead and the lowest on the calf (compare Table 2). The relationship between the 
standardized hair follicle densities across body sites was carried out using Pearson correlations. Overall HFD cor-
related most strongly to the HFD of the forearm (r = 0.830, p < 0.001). Hence, HFD of the forearm was related to 
HFD of other body parts (forearm- thigh: r = 0.808, p < 0.001; forearm- calf: r = 0.671, p = 0.009; forearm-upper 
arm: r = 0.746, p = 0.001; forearm- chest: r = 0.621, p = 0.013, compare Table 2). However, no significant corre-
lations could be observed between the HFD of the forearm and those of forehead, neck, abdomen or lower back.
We further confirmed reliability of the CSSM by assessing interrater reliability in 25 samples, including sam-
ples from the pre-test (see below, N = 5) and from study 2 (N = 20). Those were analyzed independently by JB and 
EHJ and the interrater reliability was calculated to 0.904.
The effect of hair on the perception of touch. In a second pre-test, the effect of the hair on the percep-
tion of touch was assessed. The hair on the left forearm was chemically removed using hair removal crème (Veet; 
Reckitt Benckiser, UK) in eleven participants (7 female, mean age = 25.182 ± 3.710 SD, range 19–30 years). Those 
Whole sample 
(N=58) Mean ± SD
Women (N = 34) 
Mean ± SD
Men (N = 24) 
Mean ± SD
t-test for gender differences 
(significant results printed bold)
Study 1
Height (cm) 174.1 ± 10.4 167 ± 6.8 183 ± 6.9 t[54] = −8.5, p < 0.001
Weight (kg) 67.5 ± 11.3 61.4 ± 8.1 76.4 ± 9.3 t[52] = −6.3, p < 0.001
BMI (kg/m²) 22.3 ± 2.1 21.9 ± 2.0 22.9 ± 2.1 t[52] = −1.9, p = 0.067
HFD 37.4 ± 10 38.4 ± 9.5 35.9 ± 10.2 t[53] = 0.9, p = 0.37
Age (years) 26.2 ± 6.3 26.7 ± 6.6 25.5 ± 5.7 p > 0.1
Whole sample 
(N = 80) Women (N = 51) Men (N = 29) t-test
Study 2
Height (cm) 173.4 ± 9.6 168.5 ± 6.97 182.1 ± 6.99 t[78] = −8.44, p < 0.001
Weight (kg) 69.4 ± 18.3 62.2 ± 10.5 81.8 ± 22 t[77] = −5.34, p < 0.001
BMI (kg/m²) 22.9 ± 4.9 21.9 ± 3.7 24.6 ± 6.1 t[77] = −2.45, p = 0.017
HFD 40.4 ± 13.3 43.4 ± 14.2 35.1 ± 9.58 t[78] = 2.79, p = 0.007
Age (years) 24.9 ± 4.1 24.2 ± 3.9 26.1 ± 4.3 p > 0.05
Whole sample 
(N = 138) Women (N = 85) Men (N = 53) t-test
Combined sample
Height (cm) 173.7 ± 9.9 168.0 ± 6.9 162.6 ± 6.9 t[134] = 12.01, p < 0.001
Weight (kg) 67.8 ± 12.1 61.9 ± 9.6 77.3 ± 9.2 t[131] = 9.08, p < 0.001
BMI (kg/m²) 22.7 ± 4.0 21.9 ± 3.1 23.9 ± 4.8 t[131] = 2.87, p = 0.005
HFD 39.2 ± 12.1 41.4 ± 12.8 35.5 ± 10.0 t[133] = 2.85, p = 0.005
Age (years) 25.4 ± 5.2 25.2 ± 5.3 25.8 ± 5.0 p > 0.1
Table 1. Gender-specific demographic features of the sample groups of study 1 and 2 and the combined sample.
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participants are also included in study 1. The tactile stimulation (as described for study 1) was then applied to 
both arms, in randomized order. The participants rated the perceived eroticism, pleasantness and intensity of the 
stimulation. The effect of the hair on the ratings of touch perception was tested using 2-way ANOVAs with veloc-
ity and hair/depilated as within subject factors. The results showed that there was no significant main effect of 
hair on any of the ratings (eroticism: F[1, 10] = 0.245, p = 0.631, pleasantness: F[1, 10] = 2.053, p = 0.182, inten-
sity: F[1, 10] = 1.002, p = 0.341). Furthermore, there were no significant interaction effects (hair by and velocity) 
on the ratings (eroticism: F[2.179, 21.789] = 0.219, p = 0.823 (Greenhouse-Geisser corrected), pleasantness: F[4, 
40] = 0.227, p = 0.921, intensity: F[4, 40] = 1.594, p = 0.195).
Statistical Analysis. For both studies, statistical analysis was performed using IBM SPSS Statistics for 
Windows, Version 22.0 (IBM; Armonk, NY, USA). Demographic variables (age, weight, height and BMI) were 
compared between genders using t-tests.
HFD was correlated to the weight and height of the participants. Further the HFD was compared between 
genders using a univariate analysis of variance. We included the weight and height as covariates in this model in 
order to control for the relation between HFD and gender.
For analysis of the touch ratings, the average value for every skin stroking velocity was determined from the 
3 repetitions. Three repeated measures ANOVAs, with velocities (5) as within subject factors and gender (2) as 
between subject factor were used to analyze the ratings on pleasantness and intensity. Greenhouse-Geisser cor-
rected in order to account for violations of sphericity.
Two main affective touch outcome variables were defined: The overall touch pleasantness/intensity was cal-
culated as the mean of all touch pleasantness/intensity ratings. The pleasant touch awareness reflects the highest 
C-tactile specific pleasantness ratings and is calculated as the difference of pleasantness ratings between C-tactile 
optimized (3 cm/s) and non-optimized stroking (30 cm/s), weighted by the overall touch pleasantness. This cal-
culation derived from the largest difference in ratings between C-tactile and non-C-tactile targeted touch expe-
rienced in previous studies13, 16.
=
−
pleasant touch awareness
pleasantness rating at pleasantness rating at
overall touch pleasantness
3 30cm
s
cm
s
The relation between HFD and pleasant touch awareness and overall touch measures was tested using 
non-parametric correlations. The results of the eroticism ratings are available in the supplement. A potentially 
moderating effect of the weight and height was taken into account in an additional analysis. Therefore, a partial 
correlation between HFD and all touch variables was computed with the weight and height as control variable.
In study 2, the two-point discrimination threshold was additionally assessed in a non-parametric way and 
hence related to the participants’ sex and weight by Spearman correlation coefficient. Further, this threshold 
was compared between male and female participants using the Mann-Whitney U test and sex and weight were 
included in the gender-effect analysis by using general equation modelling (GEE), implemented in SPSS. The 
correlation between two-point discrimination threshold and HFD was further tested using Spearman correlation.
Body site
Hair follicles 
per cm² 
(N = 15) 
Mean ± SD
Correlations (significant results printed bold)
Overall 
HFD Forehead Neck Chest Upper arm Forearm Back Abdomen Thigh Calf
Forehead 285.0 ± 84.1 r = 0.465 p = 0.08 —
Neck 47.3 ± 17.1 r = 0.130 p = 0.643
r = −0.083 
p = 0.769 —
Chest 28.4 ± 6.4 r = 0.667 p = 0.007
r = 0.289 
p = 0.296
r = −0.204 
p = 0.466 —
Upper arm 45.9 ± 14.5 r = 0.781 p = 0.001
r = 0.232 
p = 0.405
r = −0.185 
p = 0.509
r = 0.540 
p = 0.038 —
Forearm 40.3 ± 14.9 r = 0.840 p < 0.001
r = 0.364 
p = 0.183
r = −0.239 
p = 0.391
r = 0.621 
p = 0.013
r = 0.746 
p = 0.001 —
Back 24.7 ± 5.9 r = 0.286 p = 0.301
r = −0.172 
p = 0.539
r = 0.382 
p = 0.160
r = 0.244 
p = 0.380
r = 0.053 
p = 0.853
r = −0.035 
p = 0.901 —
Abdomen 16.9 ± 6.2 r = 0.354 p = 0.195
r = 0.061 
p = 0.830
r = 0.151 
p = 0.590
r = −0.053 
p = 0.852
r = 0.261 
p = 0.348
r = 0.057 
p = 0.841
r = 0.482 
p = 0.069 —
Thigh 21.0 ± 8.0 r = 0.678 p = 0.006
r = 0.156 
p = 0.579
r = 0.043 
p = 0.878
r = 0.342 
p = 0.212
r = 0.668 
p = 0.005
r = 0.808 
p < 0.001
r = −0.236 
p = 0.398
r = −0.142 
p = 0.614 —
Calf 15.6 ± 3.6 r = 0.559 p = 0.03
r = 0.369 
p = 0.176
r = −0.246 
p = 0.378
r = 0.394 
p = 0.146
r = 0.385 
p = 0.157
r = 0.67 
p = 0.006
r = −0.355 
p = 0.195
r = −0.131 
p = 0.643
r = 0.566 
p = 0.028 —
Table 2. Hair follicle densities at the 9 sampled body sites in pretest (N = 15), their correlation with the overall 
mean density and with each other.
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Combined Analysis of Study 1 and 2. To account for different anchor points used in the separate studies, 
ratings for perceived pleasantness were re-scaled to the scale used in study 2 using a linear transformation (10 
rating points were added to ratings of pleasantness obtained in study 1 to transform from −10/10 to 0/20 scale).
First, the participants of both studies were compared according to gender distribution (Chi Square test) and 
age, weight and height (t-test), as well as according to all outcome variables (HFD, pleasant touch awareness, 
erotic touch awareness, overall pleasantness, overall eroticism, overall intensity; all with t-test).
HFD was correlated to the weight and height of the participants. The effect of gender on HFD was computed 
using a univariate analysis of variance with the weight and height as a covariate. HFD was further correlated to all 
touch perception variables, as reported for study 1.
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Background and Methods 
Recent work has suggested an involvement of C-tactile afferent stimulation in non-genitalia directed 
erotic touch perception [16]. At this, our protocol of tactile stimulation additionally involved the 
determination of erotic touch perception as a quality of affective touch. Therefore, participants were 
equally asked to rate the applied stroking stimuli concerning the perceived eroticism on VAS from 0 
(not at all erotic) to 20 (extremely erotic), as described in the Methods section. Overall touch eroticism 
was accordingly calculated as the mean of all touch eroticism ratings. Erotic touch awareness was 
computed similarly to pleasant touch awareness by subtracting the ratings of 30 cm/s from the ratings 
of 1 cm/s (which was experienced as the most erotic stimulus in a previous study [16]) and then 
dividing by the overall touch eroticism.  
𝑒𝑟𝑜𝑡𝑖𝑐 𝑡𝑜𝑢𝑐ℎ 𝑎𝑤𝑎𝑟𝑒𝑛𝑒𝑠𝑠 =
𝑒𝑟𝑜𝑡𝑖𝑐𝑖𝑠𝑚 𝑟𝑎𝑡𝑖𝑛𝑔 𝑎𝑡 1 
𝑐𝑚
𝑠  − 𝑒𝑟𝑜𝑡𝑖𝑐𝑖𝑠𝑚 𝑟𝑎𝑡𝑖𝑛𝑔 𝑎𝑡 30 
𝑐𝑚
𝑠
𝑜𝑣𝑒𝑟𝑎𝑙𝑙 𝑡𝑜𝑢𝑐ℎ 𝑒𝑟𝑜𝑡𝑖𝑐𝑖𝑠𝑚
 
The relation between HFD and erotic touch awareness and overall touch eroticism was tested using 
non-parametric correlations. 
Results: Erotic touch perception 
In study 1 the ratings of eroticism followed an inverted U-shape, peaking at 1 cm/s (main effect of 
velocity eroticism: F[2.8, 155.6]=16.3, p < 0.001, compare figure S1). The ratings differed between 
male and female participants with women rating the eroticism of touch significantly higher than men 
(eroticism: F [1, 55] = 5.2, p= 0.026). However, the shape of the inverted U curve did not differ 
between the genders and hence there was no significant interaction effect between gender and velocity 
(p=0.4), and no significant gender difference on erotic touch awareness (p=0.5)  
These results were replicated in study 2. Here, the touch ratings followed a very similar inverted U-
shaped curve with the highest eroticism ratings for 1 cm/s (main effect of velocity:  F[3.07, 215.02]= 
41.59, p<0.001, compare figure S1). Women rated the stroking touch stimulation more erotic (F[1, 
69]=9.99, p=0.002) than men. There was no significant interaction effect between gender and velocity 
(eroticism: p=0.3) and no significant gender difference in erotic touch awareness (p=0.9), indicating 
that the shape of the curve did not differ. 
Combined analysis: Comparison between the studies revealed a significant difference in overall 
touch eroticism (t [135] = 2.78, p = 0.006), with ratings being higher in the German sample 
(replication study). Erotic touch awareness did not differ between the sample groups. 
Over all participants, the significant effect of gender on touch perception remained stable, with women 
rating the eroticism of touch higher than men (F [1, 135] = 16.0, p<0.001, compare figure S2).There 
was no interaction effect between gender and velocity on the ratings (eroticism: p=0.4) and no 
significant gender differences in erotic touch awareness (p= 0.6).  
Results: Perception of erotic touch in relation to HFD 
In study 1, there was no significant correlation between HFD and overall touch eroticism: r = 0.161, 
p = 0.2 or erotic touch awareness: r = 0.073, p = 0.6. Inclusion of length and weight as control 
variables resulted in no major changes of the correlations. 
This result was replicated in study 2. Again, HFD was not related to overall eroticism (r=0.006, 
p=0.957) or erotic touch awareness (r=0.138, p=0.222). 
 Combined analysis: No significant correlations were found between the HFD and overall eroticism: r 
= 0.100, p = 0.3 or erotic touch awareness: r = 0.006, p= 0.9. Inclusion of length and weight as control 
variables did not change the results. 
Conclusion  
Our results confirm a contribution of C-tactile afferents in the perception of erotic touch with C-tactile 
optimal stroking stimuli being perceived as the most erotic stimuli. In two studies conducted 
separately in two countries, a difference in the course of ratings across the applied stroking velocities 
between perceived pleasantness and eroticism was detected. Hereby, perceived eroticism peaks at 
lower velocities (1 cm/s) than pleasantness (3 cm/s) which suggests eroticism to present a distinct 
aspect of affective touch perception.   
 
 
 
 
Figures 
 
Figure S1 (Supplement) Gender-specific erotic touch perception. 
Ratings of perceived eroticism compared between men and women in study 1 and study 2. Female 
participants present higher ratings across all applied stroking velocities than male participants. The 
error bars represent 95% confidence intervals.  
 
Figure S2 (Supplement) Overall touch eroticism in the combined sample. 
Levels of overall touch eroticism compared between men and women for the pooled data set reveal 
higher levels of perceived eroticism in female participants. The density of overall touch eroticism is 
plotted on the x-axis. The black line represents the statistical mean value, the red and blue lines, 
respectively, represent 95% confidence intervals. 
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